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David A. Stith 
ABSTRACT 
Standard coal analyses and 72 major, minor, and trace element analyses are 
reported for 109 coal samples collected from 1982 to 1984. An additional 16 
samples have been analyzed for major, minor, and trace elements only. 
INTRODUCTION 
Since 1975, the Ohio Department of Natural Resources, 
Division of Geological Survey (DGS) has been participating 
with the U.S. Geological Survey (USGS) in an informal 
cooperative program to expand the available information 
on the geochemistry of Ohio coals. This report is the fourth 
in the series presenting the results of this program (Boto-
man and Stith, 1979, 1981 , 1986). Samples covered in this 
report include channel samples collected from active strip 
mines in 1983 as well as cores drilled for other DGS 
investigations, including a regional study of the Clarion (No. 
4A) coal in southern Ohio and county studies of Belmont 
and Guernsey Counties. The samples were collected by 
personnel of the Ohio Division of Geological Survey and 
were shipped to the U.S. Geological Survey, whose personnel 
prepared splits of the samples for the various analytical 
procedures involved. Major, minor, and trace element 
analyses were done by the Branch of Analytical Chemistry, 
U.S. Geological Survey. Twenty-six samples from Guernsey 
County were shipped directly to a commercial testing lab 
for processing, including sending splits to the USGS. 
Coal samples analyzed by the USGS are included in the 
National Coal Resources Data System (NCRDS). USGS 
sample numbers corresponding to the DGS coal file num-
bers are shown in table 1. 
ANALITICAL METHODS 
The analytical procedure followed for these samples is 
shown in figure 1. Although the U.S. Geological Survey 
constantly upgrades and revises its analytical program, this 
procedure and the one followed for the 1979-1980 samples 
(Botoman and Stith, 1986) are virtually identical. Thallium 
(Tl) analysis is again by emission spectrography on ash 
rather than neutron activation on whole coal. All standard 
coal analyses are now done by a commercial testing lab 
using standard U.S. Bureau of Mines methods (Office of 
Coal Research, 1967) or comparable ASTM methods. 
Approximately one-third of the samples had proximate-
ultimate analyses run one to four months after sampling 
and within one month of being submitted for analysis. 
These samples were stored in a freezer between core 
sampling and shipment for analysis. Most of the rest of the 
samples were stored at room temperature for up to one 
year. These samples may have been partially oxidized. In 
addition, 16 of the 1983 strip-mine samples (table 2) were 
not submitted for proximate-ultimate analysis; these sam-
ples were analyzed for major, minor, and trace elements 
only. 
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N> 
Raw coal as received (about 5 pounds, 
or 2.3 kg, broken to 3 cm) 
One quart (about 600 g) of coal split out  
for standard coal analysis  
IAir drying in oven at 32°C I 
Ultimate and proximate analyses (proce-
duresdescribed in U.S. Bureau of Mines  
Bulletin 638, 1967, p. 3-12)  
Sample crushed and then ground in One pint (about 300 g) crushed coal spl it 
vertical Braun pulverizer using ceramic out for storage 
plates set to pass 80 mesh, and mixed 
I 
Ultimate analysis Proximate analysis I  
and sulfur forms  IRaw ground coal IPercent moisture, Ground coal (25 to 75 g) ashed at 525°C Percent ash volatile matter, and percent ash calculated, ash then 1c fixed carbon, mixedH and ash I I I0 
N 
Wet chemical analysis 
Hg (flameless atomic 
absorption) 
F (specific ion 
electrode) 
Neutron activaX-ray fluores -S (total) tion analysis cenceS (sulfate) 
S (pyritic) As Sblcoal ashIS (organic) Cl Br Sc 






Wet chemical analysis 
I I 
X-ray fluorescence La w 
(atomic absorption) 
Optical emission spectrographic analy-
Lu Yb 
Rb 
analysissis. Automated plate reader (63 ele-
Heat value ments looked for). The following 33 
Cd reported when found Al20 3 S03  
Btu per pound  Cu cao Si0 2  
(cal per kg)  Li Ag Gd Ni Sn Fe20 3 Ti02Mg Au Ge Os Sr K20 Mn B Ho Pd TeFree-swelling Na Ba In Pr Tlindex Pb Be Ir Pt Tm 
Zn Bi Mo Re v 
Dy Nb Rh y

















FIGURE 1.- Flow chart showing sequence of sample preparation and chemical analysis (Char les Oman, verbal commun., 1985; Linda Bragg, verbal commun., 1987). 
3 ANALYSES OF OHIO COALS, 1982-1984 
TABLE 1. - U.S. Geo/,ogical Survey (USGS) sampi,enumbers correS'ponding wOhio Division ofGeo/,ogical Survey (DGS) samp/,e numbers 
DGS USGS DGS USGS DGS USGS DGS USGS 
sample no. sample no. sample no. sample no. sample no. sample no. sample1w. sample no. 
1001 W217582 1416 W223546 1444 W223457 1475 W224444 
1002 W217583 1417 W223547 1445 W223458 1476 W224445 
1003 W217584 1418 W223548 1446 W223459 1477 W225523 
1004 W217585 1419 W223440 1447 W223460 1478 W225524 
1005 W217586 1420 W223441 1448 W224350 1479 W225525 
1006 W217587 1421 W223442 1449 W224351 1480 W226363 
1007 W217588 1422 W223549 1450 W224326 1481 W226364 
1008 W217589 1423 W223550 1451 W224327 1482 W226365 
1009 W217590 1424 W223443 1452 W224328 1483 W226366 
1010 W217591 1424-1 W223444 1453 W224329 1484 W226367 
1359 W219407 1424-2 W223445 1454 W224330 1485 W226368 
1386 W223461 1425 W223551 1455 W224331 1486 W226369 
1396 W219408 1426 W223446 1456 W224332 1487 W226370 
1397 W219409 1427 W223447 1457 W224333 1488 W226371 
1398 W219410 1428 W223448 1458 W224334 1489 W226372 
1399 W219411 1429 W223449 1459 W224335 1490 W226373 
1400 W219412 1430 W223450 1460 W224336 1491 W226374 
1401 W219971 1430-1 W223451 1461 W224337 1492 W227087 
1402 W21941 3 1431 W223452 1462 W224338 1493 W227088 
1403 W219414 1432 W223552 1463 W224339 1494 W227089 
1404 W219415 1433 W223553 1464 W224340 1495 W227090 
1405 W219416 1434 W223554 1465 W224341 1496 W227091 
1406 W220797 1435 W223453 1466 W224342 1497 W227092 
1407 W220798 1436 W223555 1467 W224343 1498 W227093 
1408 W220799 1437 W223556 1468 W224344 1499 W227094 
1409 W220800 1438 W223454 1469 W224345 1500 W227095 
1410 W220801 1439 W223455 1470 W224346 1502 W229480 
1411 W223541 1440 W223557 1471 W224347 1503 W229481 
1412 W223542 1441 W223558 1472 W224348 1504 W229482 
1413 W223543 1442 W223559 1473 W224349 1505 W229483 
1443 W223456 1474 W224443 1506 W229484 
1414 W223544 
1415 W223545 
TABLE 2.-1983 samples not submittedfor standard coal analyses 
DGS Thicknessfile County Taumship Seam (indu!s}no. 
1417 Stark Pike Lower Kittanning (No. 5) 36 
1419 Stark Osnaburg Lower Kittanning (No. 5) 40 
1420 Stark Osnaburg Middle Kittanning (No. 6) 41 
1422 Stark Sugar Creek Middle Kittanning (No. 6) 28 
1423 Stark Paris Middle Kittanning (No. 6) 26 
1424 Stark Sandy Brookville (No. 4) 26 
1424-1 Stark Sandy Brookville (No. 4) 4 
1424-2 Stark Sandy Brookville (No. 4) 8 
1425 Columbiana West Upper Freeport (No. 7) 52 
1433 Stark Paris Lower Kittanning (No. 5) 24 
1435 Columbiana Franklin Mahoning 21 
1436 Columbiana Hanover Upper Freeport (No. 7) 38 
1437 Columbiana West Upper Freeport (No. 7) 34 
1438 Columbiana Center Mahoning 33 
1468 Columbiana Elk Run Upper Freeport (No. 7) 30 
1469 Columbiana Elk Run Mahoning 28 
TABLE 3.-Proximate-ultimate coal analyses by county "'" 
Key to symbols by column: 
Seam: 
? - Bed designation tentative 
DGS file no.:  
4-digit number - production bench or whole-bed channel or core sample; taken in con- 
formity with Holmes, 1911 ; Fieldner and Selvig, 1938  
-1, -2 - samples taken in benches or from roof or floor coal  
Kind:  
2 - channel (strip mine)  
3 - core  
Condition:  
2 - as received  
3 - moisture-free  
4 - moisture- and ash-free  
Analyzed thickness: 
' - upper bench 
2 - middle bench 
• - sample from pyrite study, crushed to minus 3/s' at DGS before shipment for 
analysis 
Fusibility of ash ('F)Forms of sulfur (%)Proximate analysis (%) 1 Ultimate analysis (%)',...... g~:c:; c:; .5 "" Q)c:; Q).... ......c:"' 0 ....0"'..... Q) c:; ..,3Q) . 9  Q) c:; Heating,i:;,.£"' c:;DGS "'O ~~Q)Q) .... c:;Q) .so.... :5.'.::: "'O; Q) ·-"' .5~gi,0; ca~~ "'.5  Yearvalue"'O "'O ~"'OTownship Seam file ..c: c:; ....0< ,i:;, ~0 ~~c:; C..>"' ~~_., ""~ .... "' ' ~....~~ (Btu/ lb) .'¥l ~.5no. ·~ :~ E~~ .... £! ~"'O l'i:~.~O! '--' 0 i ~ """'O8  Q) ~ 00~E 0u -i.E e0::;: "'"' z Eas Eit:i:: Q) Q)~ -o.., 2l 2l~~ ~~ 
BELMONT COUNTY 
2380  13,060 83  
3  
2190 2080 2.9 0.02 1.72 1.13 4.510.7 5.4 71.7 1.4 7.9 Goshen Clarion (No. 4A) 1405  2  26  1.3 2.2 40.7 46.33  
13,350  
4  
0.02 1.76 1.161.4 6.1 2.941.7 47.4 10.9 5.3 73.3 
14,9900.02 1.97 1.3082.4 6.9 3.346.8 53.2 5.9 1.6 
2040  2100  13,330 83  
3  
1920 3.02 5.01.4 7.3 5.0 0.03 1.95Lower Kittanning (No. 5) 41.2 47.9 8.5 5.3 72.51404  3  2  35  1.4 2.3 
13,650  
4  
0.03 3.09 2.0074.2 1.4 5.4 5.142.2 49.1 8.8 5.2 
14,9502.195.7 1.5 5.9 5.6 0.03 3.3946.2 53.8 81.3 
13,220 83  
3  
2150 1980  2080 1.97 1.78 4.51.4 8.1 3.8 0.03Middle Kittanning (No. 6) 1403  37  42.1 46.8 9.2 5.4 72.23  2  1.3 1.9 
13,470  
4  
1.4 6.6 3.9 0.03 2.01 1.8143.0 47.7 9.4 5.2 73.6 
14,8604.3 0.03 2.22 2.0081.2 1.5 7.347.4 52.6 5.8 
12,220 83  
3  
1990  2030 1910 3.46 1.89 5.066.7 7.0 5.4 0.06Anderson 1402  2  20  1.3 2.3 38.8 44.2 14.7 4.9 1.33  
12,510  
4  
3.54 1.935.5 0.0639.7 45.2 15.1 4.7 68.3 1.3 5.1 
14,7300,07 2.286.5 4.1746.8 53.2 5.6 80.4 1.5 6.0 
2350  12,750 83  
3  
1970  2060 2.90 1.86 5.5Pittsburgh (No. 8) 11.7 5.2 69.4 1.3 7.6 4.8 0.051401  3  2  80  0.7 2.0 40.6 45.7 
13,010  
4  
4.9 0.05 2.96 1.9070.8 1.3 5.941.5 46.6 11.9 5.1 
14,7802.166.7 5.6 0.06 3.3647.1 52.9 5.8 80.4 1.5 
11,860 83  
3  
2060  2100 2000 2.35 1.94 5.01.2 8.0 4.3 O.DlMeigs Creek (No. 9) 1400  2  47  2.8 38.2 43.2 15.8 4.8 65.83  1.8 
12,200  
4  
2.0067.7 5.7 4.4 O.Dl 2.4239.3 44.5 16.2 4.6 1.3 
14,5605.3 2.89 2.3846.9 5.5 80.8 1.5 6.8 O.Dl53.1 
12,3 10 2670  2730  83  
3  
4.5 2560 0.03 1.18 0.65 Quakertown (No. 2)? 68.2 1.2 9.3 1.9Kirkwood 1409  3  2  21  1.4 2.5 35.5 47.8 14.3 5.1 
12,620  
4  
0.03 1.21 0.6770.0 1.2 7.3 1.936.4 49.0 14.6 5.0 
14,7900.04 1.42 0.7882.0 1.4 8.6 2.242.6 57.4 5.8 
2420  13,190 83  
3  
2130  2380 4.51.2 8.4 2.4 0.02 1.52 0.861431  23  38.3 50.7 5.3 73.43  2  0.3 1.6 9.3 
13,410  
4  
0.877.0 2.4 0.02 1.559.4 5.2 74.7 1.339.0 51.6 
14,8100.02 1.71 0.9782.4 1.4 7.8 2.743.0 57.0 5.7 
11,6502190  2340  2580  83  
3  
3.6 0.08 2.18 1.30 5.563.7 8.3Clarion (No. 4A) 1408  2  20  2.2 36.7 42.7 18.3 4.9 1.13  1.1 
11,910  
4  
0.08 2.23 1.3337.6 43.7 4.8 65.2 1.2 6.5 3.618.8 
14,6600.10 2.74 1.6480.2 1.4 8.0 4.546.3 53.7 5.9 
24 1  11,8202710  2800  2800  83  
3  
0.01 0.62 1.39 5.54.9 1.2 8.9 2.01430  2  0.4 2.0 38.4 41.7 17.9 65.13  
12,060  
4  
0.63 1.424.8 66.5 1.2 7.2 2.1 O.Dl39.2 42.5 18.3 


















1430-1 3 2 
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1.0 2800 2800 I 2800 I 6,950 
7,040 
83 
4 48.6 51.4 6.0 76.4 1.5 12.4 3.8 0.02 2.07 1.68 14,090 
Lower Kittanning (No. 5) I 1397 3 2 
3 






















4.5 1900 1990 I 2100 I 12,110 I 82 
12,980 
4 47.3 52.7 5.7 80.2 1.6 6.5 6.0 0.14 3.72 2.14 14,820 
1407 3 2 38 1.0 2.2 I 40.1 45.1 12.6 I 5.1 68.9 1.2 7.3 4.8 0.16 2.97 1.64 3.5 1920 1960 I 2140 I 12,580 I 83 
3 41.0 46.1 12.9 5.0 70.5 1.3 5.5 4.9 0.16 3.04 1.68 12,860 
4 47.1 52.9 5.7 80.9 1.5 6.3 5.6 0.19 3.49 1.92 14,770 
1429 3 2 39 0.4 1.1 I 33.2 37.4 27.7 4.2 57.6 1.1 6.2 3.3 0.09 1.68 1.53 4.5 2800 2800 I 2800 I 10,490 I 83 
3 33.8 38.0 28.1 4.1 58.6 1.1 4.7 3.4 0.09 I.71 1.56 10,670 
4 47.1 52.9 5.7 81.5 1.6 6.6 4.7 0.13 2.38 2.17 14,840 
Middle Kittanning (No. 6) I 1398 3 2 
3 






















4.5 2110 2250 I 2350 I 11 ,350 I 82 
11,580 






























































2190 I 2320 I 10,900 I 83 
11,160 
14,630 





3 41.7 47.7 10.6 5.1 72.l 1.3 6.9 4.0 0.06 2.18 I.72 13,190 ~ 4 46.7 53.3 5.7 80.7 1.4 7.7 4.4 0.07 2.44 1.93 14,760 
Upper Freeport (No. 7) I 1399 3 2 
3 
















































1.1 3 5.0 2210 
14,650 
























11 ,2 10 
14,340 ~ 
Anderson 1396 3 2 
3 


























4 45.0 55.0 5.6 81.0 1.5 8.2 3.7 0.05 2.14 1.51 14,530 ~ 
1410 3 2 19 1.6 2.8 I 37.5 47.9 11.8 5.0 69.6 1.2 9.1 3.4 0.04 1.86 1.50 5.5 2100 2250 I 2390 I 12,520 I 83 



















































2190 I 2230 I 11 ,500 
11 ,710 
14,490 
I 83 ~ U5 
t".l en 
Richland Lower Kittanning (No. 5) I 1447 



















































































2440 I 25 10 I 13,530 I 83 
13,770 
14,970 







York l:lrookville (No. 4) I 1414 3 2 
3 






















4.0 2790 2800 I 2800 I 10,940 I 83 
11,100 
Middle Kittanning (No. 6) I 141 3 3 
4 




















1.59 6.0 2000 
14,6 10 
2160 I 2220 I 13,380 I 83 
3 41.0 50.4 8.6 5.2 75.2 1.4 6.3 3.2 0.06 1.57 1.62 13,6 10 
4 44.9 55. 1 5.7 82.3 1.6 6.9 3.6 O.D7 1.72 1.77 14,900 
Upper Freeport (No. 7) I 141 2 3 2 
3 






















4.5 2020 2 180 I 2230 I 10,470 I 83 
10,640 
4 45.5 54.5 5.5 77.9 1.5 6.9 8.2 0.26 4.51 3.48 14 ,340 
Anderson I 1411 3 2 18 0.2 1.9 I 35.6 52.2 10.2 5.1 72.5 1.5 9.8 0.9 0.02 0.15 0.77 5.0 2800 2800 I 2800 I 12,9 10 I 83 
3 36.3 53.2 10.4 4.9 73.9 1.5 8.2 1.0 0.02 0.15 0.78 13, 160 
4 40.6 59.4 5.5 82.5 l.7 9.2 I.I 0.02 0.17 0.88 14 ,690 
Not designated I 1462 3 2 
3 






















l.O 2800 2800 I 2800 I 13,240 I 83 
13,440 
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Lee Harlem 1450 2 2 
3 
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Rose Strasburg (No. 5A) 1449 2 2 
3 
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Butler Upper Freeport (No. 7) 1439 2 2 
3 
4 




































Center Mahoning 1440 2 2 
3 
4 




















































































































































































































































Madison 1457 2 2 
3 
4 




































'° 00 ~ 
1458 2 2 
3 
4 





































"'" Middleton Upper Freeport (No. 7) 1456 2 2 
3 
4 




































Yellow Creek 1451 2 2 
3 
4 





































Huntington Lower Kittanning (No. 5) 1009 3 2 
3 
4 




































Morgan Middle Kittanning (No. 6) 1010 3 2 
3 
4 




































Perry Clarion (No. 4A) 1008 3 2 
3 
4 




































Lower Kittanning ( No. 5) 1007 3 2 
3 
4 




































Middle Kittanning (No. 6) 1006 3 2 
3 
4 




































Raccoon Clarion (No. 4A) 1003 3 2 
3 
4 




































1004 3 2 
3 
4 




































Adams I Lower Kittanning (No. 5) I 1486 3 2 
3 
4 




































Strasburg (No. 5A) I 1485 3 2 
3 






















3.5 1950 2110 I 2190 I 12,380 I 84 
12,880 
4 52.3 47.7 5.8 78.3 1.4 7 .9 6.6 0.02 3.57 3.00 14,600 
Middle Kittanning (No. 6) I 1484 3 2 
3 






















4.0 1970 2080 I 2130 I 12,640 
13,320 
84 
4 48.9 51.1 5.7 79.5 1.5 7.7 5.6 0.01 2.86 2.76 14,590 
Cambridge 
Lower Freeport (No. 6A) I 1483 



















































































2120 I 2160 I 9,790 
10,360 
14,130 








Jackson Lower Kittanning (No. 5) I 1495 3 2 
3 






















5.5 2170 2250 I 2320 I 12,190 
13,600 
84 ~ 4 46.8 53.2 5.8 81.6 1.5 7.7 3.4 0.01 1.91 1.53 14,780 
Middle Kittanning (No. 6) I 1494 3 2 
3 






















6.0 2190 2310 I 2390 I 12,460 
13,030 
84 ~ 4 48.5 51.5 5.6 80.2 1.6 9.0 3.5 0.00 1.86 1.64 14,560 
Lower Freeport (No. 6A) I 1493 3 2 
3 


























4 50.9 49.1 6.0 79.7 1.5 7.3 5.5 0.00 4.03 1.50 14,640 ~ 
Upper Freeport (No. 7) I 1492 3 2 
3 






















5.5 2610 2680 I 2750 I 12,4 70 
13,420 
I 84 ~ 
4 41.5 58.5 5.7 81.9 1.6 9.2 1.6 0.00 1.06 0.58 14,700 ~ 
Jefferson Brookville (No. 4) 1476 3 2 
3 
4 





































Lower Kittanning (No. 5) I 1475 








































































2100 I 2240 I 12,560 I 84 
12,930 
14,550 




~ 4 48.9 51.1 6.0 79.9 1.4 7.4 5.2 0.12 2.90 2.22 14,640 
Londonderry IQuakertown (No. 2)? I 1470 3 2 
3 






















3.5 2430 2530 I 2580 I 12,560 I 83 
12,870 
4 41.7 58.3 5.5 82.3 1.3 8.9 2.0 0.02 1.40 0.59 14,820 
Lower Kittanning (No. 5) I 1465 3 2 
3 






















5.5 1960 2050 I 2"100 I 12,480 I 83 
12,740 







































2350 I 2400 I 11,040 I 83 
11,290 
4 47.8 52.2 5.6 78.8 1.2 9.2 5.1 0.09 2.48 2.49 14,550 
Lower Freeport (No. 6A) I 1463 3 2 
3 






















4.5 1970 2060 I 2100 I 12,340 I 83 
12,610 







































2020 I 2060 I 11,620 I 83 
12,030 
















"' "' .£ 
"' ·~ 
"' ~ 
Proximate analysis (%) I 
" 0Q) 
Q) ... .0... ...;:l 3~ "' .c:: .~ ..,_ " <- "' 0 ~E "' ;::;: Q) .~ 
"" 
Ultimate analysis (%) 






Forms of sulfur (%) 
"2$ ! ·c: ~ "' -; 00... rJl 0 
00 
" ~~ ~"' ~".,.-
Q)... 
"" 
Fusibility of ash ('F) 
"Q) Q) Q) 
0 ... 00 ... ... =·- = =B--- ~~:EE~ ·-"'" ...Q) Q) c;:: ~c: ... Q. .:: Q.






GUERNSEY COUNTY (continued) 
Monroe Middle Kittanning (No. 6) 1480 3 2 
3 
4 




































Not designated 1481 3 2 
3 
4 




































Oxford Bedford 1454 3 2 
3 
4 




































Brookville (No. 4) 1461 3 2 
3 
4 





































Middle Kittanning (No. 6) 
Lower Freeport (No. 6A) 
Wilgus 
Lower Kittanning (No. 5) 
Middle Kittanning (No. 6) 































































































































































































































































































































































Spencer Quakertown (No. 2)? 1500 3 2 
3 
4 




































Middle Kittanning (No. 6) 1491 3 2 
3 
4 




































1499 3 2 
3 
4 




































Lower Freeport (No. 6A) 1490 3 2 
3 
4 




































1498 3 2 
3 
4 




































Upper Freeport (No. 7) 1497 3 2 
3 
4 




































"' ~ r.- ... .. ~ 
Anderson 1489 3 2 
3 
4 




































1496 3 2 33 4.5 5.7 39.1 43.3 11.8 5.3 65.0 1.2 12.2 4.4 O.DI 2.73 1.65 5.0 1990 2130 I 2280 I 11 ,no 84 
3 41.5 46.0 12.5 5.0 68.9 1.2 7.6 4.7 O.Dl 2.89 1.75 12,480 
4 47.5 52.5 5.7 78.8 1.4 8.7 5.3 O.Dl 3.31 2.00 14,270 
Valley I Lower Freeport (No. 6A) I 1482 3 2 
3 






















2.5 1970 2100 I 2150 I 12,590 
13,330 
84 
4 46.5 53.5 5.6 80.4 1.4 7.9 4.7 0.02 2.58 2.07 14,640 
Washington I Brookville (No. 4) I 1473 3 2 
3 






















4.5 2760 2800 I 2800 I 11 ,960 
12,230 
83 
4 49.3 50.7 6.0 80.4 1.9 9.5 2.2 0.04 0.58 1.55 14,750 
Middle Ki ttann ing (No. 6) I 1472 3 2 
3 






















3.5 1970 2010 I 2110 I 12,160 
12,560 
83 
4 46.2 53.8 5.7 79.7 1.4 8.7 4.5 0.11 2.39 1.97 14,430 
Lower Freeport (No. 6A) I 1471 3 2 15 0.5 2.3 38.0 41.2 18.5 4.8 61.7 I.I 7.8 6.1 0. 11 3.49 2.53 3.5 1970 2100 I 2140 I 11 ,4 10 83 









































































Middle Kittanning (No. 6) I 1487 



















































































2150 I 2220 I 12,010 
12,740 
14,470 










~ Lower Kittanning (No. 5) I 1478 3 2 
3 
4 






































Middle Kittann ing (No. 6) I 1477 3 2 
3 






















4.0 2110 2180 I 2430 I 12,100 
12,440 
84 ~ 
4 48.9 51.1 5.7 78.2 1.5 9.6 5.0 0.08 2.85 2.08 14,470 ~ 
HARRISON COUNTY 
Monroe IUpper Freeport (No. 7) 1455 2 2 
3 
4 






































Bloomfield ISharon (No. I) 1005 3 2 
3 
4 





































JEFFERSON COUNTY z 
Ross I Upper Freeport (No. 7) 1445 2 2 
3 






















6.5 2000 2 JOO I 2430 I 13,260 
13,710 
83 ~ 
4 41·.8 58.2 5.5 82.0 1.6 7.6 3.3 0.11 1.89 1.29 14,720 
Mahoning 1446 2 2 
3 






















0.0 2120 2220 I 2430 I 10,310 
11 ,710 
83 
4 39.6 60.4 5.2 78.4 1.6 13.7 1.2 0.08 0.11 I.OJ 13,740 
Springfield ILower Freeport (No. 6A) I 1444 2 2 
3 
4 





































Wayne IUpper Freeport (No. 7) 1359 2 2 
3 












4.61 0. 17 





3.5 2060 2150 I 2240 I 10,9 10 
11 ,620 
I 82 
4 46.0 54.0 5.5 77.9 1.5 9.2 5.9 0.22 3.77 1.94 14,000 
STARK COUNTY 
Bethlehem IStrasburg (No. 5A) 1415 2 2 
3 
4 






































" 0 (.) 
..>:" .~·: 
..c:"' ... "'... 
"O "'"'"' ~"- '-' 
"'1Jl~"' " 
§: 






Proximate analysis (%) I 
" 01:: "' ... .D = :z ~ ... "' ..c:.!ii ., ... u <_., 0 ~E "O ::;; "' .!S 
ti. 
Ultimate analysis (%) 







Forms of su lfur (%) 
~ u u·c: ~ ~ "':; ""... en 0 
"" " ~~ ~ "O 
'!'"QJ·"""
"' ct 
Fusibility of ash ("F) 
""' "' "' 0 ... ,,,, ... ... ·- = cE = ~~~ :E~·-"'" ...::= E Q) =..."'"' - "' " ... Q, .:::: Q, ti. Q,-.£ E Jl E E 






STARK COUNTY (continued) 
Beth lehem Middle Kittanning (No. 6) 
(continued) 
1416 2 2 
3 
4 




































Osnaburg Lower Freeport (No. 6A) 1421 2 2 
3 
4 




































Paris Upper Freeport (No. 7) 1432 2 2 
3 
4 




































Pike Brookville (No. 4) 14 18 2 2 
3 
4 




































Lower Kittanning (No. 5) 
TUSCARAWAS COUNTY 
Sandy IMiddle Kittanning (No. 6) 
VINTON COUNTY 












































































































































































































-~ -Clarion (No. 4A ) JOO! 3 2 
3 
4 








































,, .... • 
TABLE 4.-Proximate-ultimate coal analyses by bed 
Key to symbols by column: 
DGSfile no.: 
4-digit number - production bench or whole-bed channel or core sample; taken in con-
formity with Holmes, 1911; Fieldner and Selvig, 1938 
-1, -2 - samples taken in benches or from roof or floor coal 
Kind:  
2 - channel (strip mine)  
3 - core  
Condition:  
2 as received  
3 - moisture-free  
4 - moisture- and ash-free  
Analyzed thickness:  
1 - upper bench  
2 - middle bench  
3 - sample from pyrite study, crushed to minus 3/a" at DGS before shipment for  
analysis  
Tentative bed designation denoted by ? 
c 
DGS "O -~ 
c :aCounty Township file ::<: c no. 0 u 
SHARON(NO.l)COAL 
Jackson IBloomfield 11005 3 2 3 
4 
QUAKERTOWN (NO. 2)? COAL 
Belmont Kirkwood 1409 3 2 
3 
4 
1431 3 2 
3 
4 
Guernsey Londonderry 1470 3 2 
3 
4 




Guernsey IOxford 1454 3 2 3 
4 
BROOKVILLE (NO. 4) COAL 
Belmont York 1414 3 2 
3 
4 
Guernsey Jefferson 1476 3 2 
3 
4 
Oxford 1461 3 2 
3 
4 
Washington 1473 3 2 
3 
4 
·? g Proximate analysis (%) I Ultimate analysis (%) Forms of sulfur (%) ~·: 
"' c ..c: "' "' ... ~ <lJ 0 <lJ 0 c c 2"O ~ - ... <lJ ... .0 <lJ c c <lJ u u ::: <lJ ... <lJ :; ·2 <lJ <lJ "O ::l ~~ co ..c: "" 0 "" <lJ ~ ~~c <lJ .~ co~ u < 0 .0 0 ~ "' co·;:: -co ... ... !l "" -~ 0 ~E "O "O co >< O! ::l ...co"' "O ::E <lJ » u z 0 0 IJJ 0 ~~ .:.. ~ ::c: c < E-< 
36 5.8 8.6 35.6 43.4 12.4 5.6 63.0 1.2 16.5 1.4 0.05 1.00 0.31 
39.0 47.5 13.5 5.1 69.0 1.3 9.6 1.5 0.05 1.09 0.34 
45.1 54.9 5.8 79.8 1.5 11.1 1.7 0.06 1.27 0.39 
21 1.4 2.5 35.5 47.8 14.3 5.1 68.2 1.2 9.3 1.9 0.03 1.18 0.65 
36.4 49.0 14.6 5.0 70.0 1.2 7.3 1.9 0.03 1.21 0.67 
42.6 57.4 5.8 82.0 1.4 8.6 2.2 0.04 1.42 0.78 
23 0.3 1.6 38.3 50.7 9.3 5.3 73.4 1.2 8.4 2.4 0.02 1.52 0.86 
39.0 51.6 9.4 5.2 74.7 1.3 7.0 2.4 0.02 1.55 0.87 
43.0 57.0 5.7 82.4 1.4 7.8 2.7 0.02 1.71 0.97 
19 0.6 2.5 35.3 49.4 12.8 5.0 69.7 1.1 9.7 1.7 0.02 1.19 0.50 
36.2 50.7 13.1 4.8 71.5 1.1 7.8 1.8 0.02 1.22 0.51 
41.7 58.3 5.5 82.3 1.3 8.9 2.0 0.02 1.40 0.59 
29 3.8 5.5 35.4 48.8 10.3 5.5 68.8 1.4 12.2 1.7 0.00 1.11 0.61 
37.5 51.6 10.9 5.2 72.8 1.5 7.8 1.8 0.00 1.17 0.65 
42.l 57.9 5.8 81.7 1.6 8.7 2.0 0.00 1.32 0.72 
17 0.5 2.3 24.6 30.2 42.8 3.4 43.3 0.7 7.9 1.8 0.00 1.04 0.80 
25.2 30.9 43.9 3.2 44.3 0.8 6.0 1.9 0.00 1.07 0.82 
44.9 55.1 5.7 79.0 1.3 10.6 3.4 0.00 1.90 1.46 
46 0.2 1.4 31.7 43.2 23.7 4.4 60.9 1.2 8.0 2.0 0.02 1.04 0.90 
32.1 43.9 24.0 4.3 61.7 1.2 6.8 2.0 0.02 1.05 0.91 
42.3 57.7 5.6 81.2 1.6 9.0 2.6 0.03 1.39 1.20 
19 0.7 2.7 38.3 43.7 15.2 4.8 66.1 1.3 10.3 2.3 0.03 0.96 1.28 
39.4 45.0 15.7 4.7 67.9 1.3 8.1 2.3 0.03 0.99 1.32 
46.7 53.3 5.5 80.5 1.6 9.6 2.8 0.04 1.17 1.56 
17 0.6 2.3 38.6 42.1 17.0 5.1 65.9 1.2 8.3 2.5 0.02 1.07 1.43 
39.6 43.1 17.4 4.9 67.5 1.2 6.4 2.6 0.02 1.10 1.46 
47.9 52.1 6.0 81.7 1.5 7.7 3.1 0.02 1.33 1.77 
15 0.5 2.2 40.0 41.1 16.7 5.1 65.2 1.6 9.7 1.8 0.03 0.47 1.26 
40.9 42.0 17.1 5.0 66.6 1.6 7.9 1.8 0.03 0.48 1.29 
49.3 50.7 6.0 80.4 1.9 9.5 2.2 0.04 0.58 1.55 
Fusibility of ash (°F) 
""c c <lJ <lJ <lJ ~~ 0 ... ,,,, ... ... -·zB .5 ~ ::l :;: "O ~~:EE~'f c c ... <lJ·- "'<lJ - <lJ<lJ c ... Q. .:: Q. 
"' Q.... -..SE oe E"' <lJ <lJ IJJ s -o~ s 
1.0 2660 2720 2740 
4.5 2560 2670 2730 
4.5 2130 2380 2420 
3.5 2430 2530 2580 
4.5 2540 2690 2760 
1.0 2650 2800 2800 
4.0 2790 2800 2800 
4.5 2290 2370 2390 
4.0 2280 2510 2560 



























































































" ... .!:>... ...
" =BS "' .c: :~ OS+.> " <-os 0 ~E 'O ::;:: " ~ 
Ultimate analysis (%) 
c: c: c:" c: """ 0 "" " 0 .!:> 0 ~... ... ... ~ "' .., C,) z 0:i:: 
... 
5 
" "' g 
0 
E--
Forms of sulfur (%) 
"J':l " ·;: ~ ~ "' "" " ... en 0 
"".5 




Fusibility of ash ('F) 
c:" " " 0 ... ""; ... -·;:;3 ".5 ~ ~e:EE~ c: ... ~& r;:~c: ... 0.
-.£ E Jl E E 





BROOKVILLE (NO. 4) COAL (continued) 
Guernsey Wills 1479 3 2 
(continued 3 
4 




































Stark Pike 1418 2 2 
3 
4 




































1434 2 2 
3 
4 




































Vinton Knox 1002 3 2 
3 
4 




































CLARION (NO. 4A) co~ 
Belmont Goshen 1405 3 2 
3 
4 




































Kirkwood 1408 3 2 
3 
4 




































1430 3 2 
3 
4 




































1430-1 3 2 
3 
4 




































Gallia Perry 1008 3 2 
3 
4 




































Raccoon 1003 3 2 
3 
4 




































1004 3 2 
3 
4 




































Vinton Knox 1001 3 2 
3 
4 




































WWER KITIANNING (NO. 5) COAL 
Belmont Goshen 1404 3 2 
3 
4 




































Kirkwood 1397 3 2 
3 
4 




































1407 3 2 
3 
4 




































1429 3 2 
3 
4 
























































Richland I 1447 
I Huntington I 1009 
Perry I 1007 
Adams 1486 
Jackson I 1495 
Jefferson I 14 75 











































































































































































































































































2440 I 2510 I 13,530 I 83 
13,770 
14,970 
1990 I 2120 I 11,210 I 82 
11,830 
14,200 
1960 I 2020 I 11,660 I 82 
12,450 
14,320 
2150 I 2210 I 11,400 I 84 
11 ,880 
14,480 
2250 I 2320 I 12,790 I 84 
13,600 
14,780 
2100 I 2240 I 12,560 I 84 
12,930 
14,550 




























































































2450 I 2600 I 11 ,950 I 84 
12,400 
14,760 







Wills I 1478 3 2 
3 
4 





































Stark Pike 1386 2 2 
3 
4 






































STRASBURG (NO. 5A) COAL 
Carroll I Rose I 1449 2 2 
3 
4 






























































































































2110 I 2190 I 12,380 I 84 
12,880 
14,600 










MIDDLE KITTANNING (NO. 6) COAL 




















































































































I 2080 I 2150 I 13,220 I 83 
13,470 
14,860 
2250 I 2350 I 11 ,350 I 82 
11 ,580 
14,630 
























































































21201 2110112,940 I 83 
13, 190 
14,760 
2090 I 2160 I 12,410 I 83 
12,590 
14,830 -<:.:> 










.c::"'..., Q) .... 
"O "" Q) Q) 
~" - ~""~ ~ Q)
" 
§: 





Proximate analysis (%) l 
"Q) 0 
Q) .... .0.. 
::l == Q) .... 
.~ 
...,...,
"" .c:: ""'""' " <-eo 0 ~E "O ::;; Q) . ~ .... 
Ultimate analysis (%) 




"' ~ ..., 
f. 
Forms of sulfur (%) 
Q) "" ~ "i "" "" ::l 0en 




Fusibility of ash (°F) 
Q) Q)" Q)
0 .... eo '- .... 
- ·z3 c::.'.l ::l :~ ~ ~ ·-"" "O...," .... ·5 ~ Q) Q)
- Q)
" .... 0. .:: 0. .... 0.-..SE cJl E EQ) Q) ~ ~"O..., 
Heating 
value 





E KIITANNING (NO. 6) COAL (continued) 
York 1413 3 2 36 
) 3 
4 
Morgan 1010 3 2 27 
3 
4 
Perry 1006 3 2 39 
3 
4 
Adams 1484 3 2 48 
3 
4 
Jackson 1494 3 2 33 
3 
4 
Jefferson 1474 3 2 45 
3 
4 
Londonderry 1464 3 2 33 
3 
4 
Monroe 1480 3 2 33 
3 
4 
Oxford 1453 3 2 39 
3 
4 
Richland 1504 3 2 42 
3 
4 
Spencer 1491 3 2 41 
3 
4 
1499 3 2 39 
3 
4 
Washington 1472 3 2 42 
3 
4 
Westland 1487 3 2 26 
3 
4 
Wills 1477 3 2 40 
3 
4 
Bethlehem 1416 2 2 49 
3 
4 
























































































































































































































































































































































































































































































































































































































































































































































-~ -'° CXl ~-'° CXl.,.
I I I 
WWER FREEPORT (NO. 6A) COAL 
Guernsey I Adams 11483 I 3 

















































































21201 21601 9,790 
10,360 
14,1 30 

















































































































































































2100 I 2360 I 13,310 I 83 
13,640 
14,870 
2090 I 2380 I 12,430 I 84 
12,910 
14,650 






































































































































2160 I 2320 I 11,450 I 84 
12,040. 
14,430 
2100 I 2150 I 12,590 I 84 
13,330 
14,640 

































































































2020 I 2340 I 12,640 I 83 
13,120 
14,670 







UPPER FREEPORT (NO. 7) COAL 
Belmont I Kirkwood I 1399 I 3 
1427 I 3 
York 1412 3 

































































































































































2140 I 2180 I 12,350 I 82 
12,680 
14,650 
2340 I 2430 I 11 ,000 I 83 
11 ,2 10 
14,340 
2180 I 2230 I 10,410 I 83 
10,640 
14,340 













Elk Run I 1466 2 2 
3 
4 
































7.5 1990 2140 I 2200 I 12,780 I 83 
13,500 
14,590 
Hanover I 1441 
Middleton I 1456 




























































































































2210 I 2280 I 11,890 I 83 
12,500 
14,390 
2280 I 2350 I 13,490 I 83 
13,980 
14,890 





Fusibility of ash (°F) Forms of sulfur (%) Proximate analysis (%) I Ult imate analysis (%) ~· ? 





FREEPORT (NO. 7) COAL (continued) 
Jackson 12,470 84  
3  
2750 2610  2680 0.90 0.49 5.569.5 1.3 14.l 1.4 0.007.0 35.2 49.7 8.1 5.61492  3  2  69  5.1 
13,420  
4  
0.97 0.53 74.7 1.4 8.4 1.5 0.0037.8 53.4 8.7 5.2 
14,700 1.06 0.58 1.6 9.2 1.6 0.0058.5 5.7 81.941.5 
11 ,620 83  
3  
2020  2060 3.5 1950 0.29 2.64 1.93 4.6 1.2 9.5 4.9Londonderry 33.9 46.8 15.8 63.91459  3  2  31  1.3 3.5 
12,030  
4  
2.73 2.0066.2 1.3 6.7 5.0 0.3048.5 16.4 4.4 35.1 
14,400 3.27 2.3979.2 1.5 8.0 6.0 0.3642.0 58.0 5.3 
2320  11,740 84  
3  
2180 5.5 2100 3. 1  2.41 0.69 5.1 64.9 1.2 11.4 O.ot36.6 44.3 14.3Spencer 1497  3  2  25  3.5 4.8 
12,340  
4  
0.01 2.53 0.72 68.1 1.3 7.5 3.338.4 46.6 15.0 4.8 
14,5103.8 0.01 2.98 0.85 80.2 1.5 8.845.2 54.8 5.6 
2130  12,050 83  
3  
2080 1.18 5.5 1990 3.1 0.32 1.6566.8 1.3 14.046  4.0 7.2 36.4 47.1 9.3 5.4Monroe 1455  2  2  
12,980  
4  
8.2 3.4 0.34 1.78 1.2772.0 1.450.8 10.0 5.039.2 
14,420 0.38 1.98 1.4180.0 1.6 9.2 3.843.6 56.4 5.5 
2430  13,260 83  
3  
2100 6.5 2000 0.10 1.70 1.1673.9 1.4 9.7 3.037.7 52.4 6.6 5.3Ross 1445  2  2  34  1.2 3.3 
13,710  
4  
0.10 1.76 1.205.1 76.4 1.5 7.1 3.154.2 6.939.0 
14,720 0.11 1.89 1.2982.0 1.6 7.6 3.341.8 58.2 5.5 
82  
3  
2150  2240  10,910473  3.5 2060 0.17 2.94 1.5160.7 1.1 12.5 4.616.0 5.0Wayne 1359  2  2  4.3 6.0 35.8 42.l 
11 ,620  
4  
0.18 3.13 1.611.2 7.6 4.917.1 4.6 64.638.2 44.8 
14,0003.77 1.941.5 9.2 0.2277.9 5.946.0 54.0 5.5 
11 ,650 83  
3  
2010  2080  2130 0.54 2.51.4 14.3 1.7 0.11 1.05 5.2 65.8Paris 28  32.5 49.3 11.6 1432  2  2  2.5 6.6 
12,470  
4  
0.12 1.12 0.581.5 9.0 1.834.8 52.8 12.4 4.8 70.4 
14,2400.13 1.28 0.66 80.5 1.7 10.3 2.139.7 60.3 5.5 
IINGCOAL 
Center 12,150 83  
3  
2170  2270  2350 0.51 6.51.5 14.3 1.4 0.30 0.6249.9 5.4 68.42  4.0 7.1 33.9 9.01440  2  19  
13,090  
4  
0.32 0.67 0.554.9 73.7 1.6 8.5 1.536.6 53.7 9.7 
14,4900.36 0.74 0.611.8 9.4 1.740.5 59.5 5.5 81.6 
12,4002460  2510  83  
3  
5.0 2340 0.21 0.72 0.581.4 11.1 1.52.6 33.2 50.8 11.2 5.1 69.6Elk Run 1467  2  2  21  4.8 
13,020  
4  
0.22 0.611.5 1.6 0.764.8 73.1 7.234.9 53.3 11.8 
14,7600.25 0.86 0.691.7 8.1 1.839.5 60.5 5.5 82.9 
12,580 83  
3  
2410  2420 4.5 2280 1.2 0.08 0.73 0.44 1.6 11.51.2 9.8 5.2 70.6Hanover 1442  2  2  16  4.1 35.6 50.6 
13,120  
4  
0.76 0.46 73.7 1.7 8.2 1.3 0.0810.2 5.037.l 52.7 
14,6 10 0.511.5 0.09 0.8582.0 1.9 9.141.3 58.7 5.5 
2140  2180  12,690 83  
3  
2050 1.09 4.51.4 3.3 0.23 2.0069.2 9.3Madison 1457  2  37  1.0 2.9 35.6 49.6 11 .8  5.02  
13,080  
4  
1.4 3.4 0.24 2.06 1.1212.l 71.3 6.836.7 51.1 4.9 
14,8800.27 2.35 1.2881.2 1.6 7.8 3.958.241.8 5.5 
13,030 83  
3  
2220  2250 5.5 2130 1.57 1.061.5 9.4 2.8 0.1737.2 9.5 5.3 71.51458  2  2  36  1.1 2.9 50.3 
13,430  
4  
1.62 1.091.5 7.0 2.9 0.185.1 73.6 38.4 51.8 9.8 
14,890 1.217.8 3.2 0.19 1.795.7 81.6 1.742.5 57.5 
2220  10,370 83  
3  
2120  2480 0.76 0.00.06 0.0859.2 1.2 20.5 0.9Ross 2  11.4 29.9 45.6 13.0 5.21446  2  27  7.7 
11,710  
4  
O.Q7  0.09 0.86 1.3 11.7 1.014.7 4.4 66.833.7 51.5 
13,740 0.11 1.0113.7 1.2 0.085.2 78.4 1.639.6 60.4 
iCOAL  
1460  2110  2140  11 ,690 83 2030 2.79 2.74 6.50.081.2 7.9 5.638.1 4.9 63.73  2  15  0.5 2.2 43.0 16.8 IOxford 11 ,950  
4  
2.800.08 2.851.2 6.1 5.717.2 4.7 65.l3  38.9 43.9 
14,430 3.44 3.381.4 7.4 6.9 0.10 78.647.0 53.0 5.7 
!iONCOAL 
Goshen 12,220 83  
3  
2030 1910  1990 1.89 5.00.06 3.461.3 7.0 5.444.2 14.7 4.9 66.71402  3  2  20  1.3 2.3 38.8 
12,510  
4  
3.54 1.930.065. 1  5.515.l 4.7 68.3 1.339.7 45.2 
14,730 O.Q7 4.17 2.286.580.4 1.5 6.046.8 53.2 5.6 
2300  2370  11 ,230 82  
3  
4.0 2170 1.170.04 1.65 1.2 8.7 2.92.7 42.5 20.0 4.7 62.6Kirkwood 1396  3  2  36  1.9 34.8 
11 ,540  
4  
1.200.04 1.702.964.3 1.2 6.535.8 43.6 20.6 4.5 
14,530 2.14 1.513.7 0.0581.0 1.5 8.25.645.0 55.0 
















1410 3 2 
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1426 3 2 
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York 1411 3 2 
3 
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Guernsey Spencer 1489 3 2 
3 
4 




































1496 3 2 
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Carroll ILee 1450 
PITI'SBURGH (NO. 8) COAL 































































































MEIGS CREEK (NO. 9 COAL 
Belmont IGoshen 1400 3 2 
3 
4 





































Belmont York 1462 3 2 
3 
4 




































Guernsey Cambridge 1502 3 2 
3 
4 




































Monroe 1481 3 2 
3 
4 




































Richland 1506 3 2 
3 
4 





















































DGS Si Al Ca Mg Na K Fe Ti Ag A., Au B Ha lie B, fir ( 'cl 
Township Seam file ~l '\, % ·~ '\, ·~ ·~ '\; ppm ppm ppm ppm ppm Jlpm ppm ppm ppm 
no. XA XA XA WA WA XA XA XA ,; NA E E E E t: NA WA 
BELMONT COUNTY 
Goshen Clarion ( No. 4A) 1405 2.7 1.8 0.13 0.05:J 0043 0.20 1.9 O.ltl 0.070 'l.7 0.881, !\!\ 1:m 2.!i l :u, 28 ou:m 
Lower Kittanning (No. 5) 1404 091 0.56 0.13 0.017 0.032 0,0!,7 3.4 0045 004/l 47 0 .60L 40 12 Ul O!IL 21 020 
Middle Kittanning ( No. 6) 1403 1.4 1.0 018 0.0:18 0041 O.l :l 2.0 0.057 0.028 l 2 0.UJL 41 54 1.7 0.9L 18 0.04r. 
Anderson 1402 1.8 0.91 0.84 0 .065 0.Q.18 0.13 3.9 0 .051 0.053 300 l l L :14 1,700 3. 1 1.6L 20 0 .2:J 
Pittsburgh (No. 8) 1401 2.0 1.0 0.13 0 .046 0014 0.l7 3.0 0.058 0.057 ;l4 0 .78L 29 2!) l.l l.lL 8.0 ().08i 
Meigs Creek (No. 9) 1400 ;3.4 1.2 0 .36 0.22 0 .0ti2 0,27 2.4 0070 0.016L 5.4 I.I L 7:l !i6 0 .74 1.6L !\!l 0.02 2 
Kirk\\1ood Quakertown ( 0 . 2)'? 1409 3.3 I.I 0.29 o o:35 0 .11:11; O.J:J 2.8 0 1:J 0.070 64 0.99L 58 32 1.9 1.5L 47 0.026 
1431 2.1 1.3 0 .080 0.009 0.02:J 0.051 2.0 0.20 0. 12 81 0.751. 45 44 :l 6 I.IL !i6 110:15 
Cla r ion (No. 4A ) 1408 4 .9 2.7 0.28 0.12 0.t169 0.50 2.6 0. 19 0.0 7 16 I 6 L (i9 44 :J.2 2.3L 2 1 013 
1430 4 .1 2.8 0.16 0.051 tl05H 0.20 I.I 0.19 0.14 2.8 1.2 L 86 170 3.0 l.8L 22 0.Dl8 
1430-1 20 5.4 0.12 0 .05[ 007!-l 0.62 l.l 070 0.2 1 6.7 :l.8 L, 85 120 4.fj 5.7L 1:1 (11157 
Lower Kittanning (No. 5) 1397 2.8 0.35 0 .27 0.011 0 .0:)4 0.01 fi 4 .:J 0.0 17 tl .Oti8 l fi 0941. 4:1 6.2 ~.a 1.41. rn Ot/B!-l 
1407 1.4 0.89 0.0:JO 0.040 0 .0 19 0.1 1 o.no 0054 0.026 7.6 04~L 17 9.9 1.7 0.6L 2 1 11.021 
1429 13 0 .55 0.16 0.010 0 .022 0.064 20 11045 0.080 8 .5 22 L 61 4 2 22 :J.2L If> 00:12 
Middle Kittan nin~ ( No. 6 ) 139 4.1 2. 1 0.1:J O.J:1 0.084 0.47 2.8 0.13 Q.(147 7.8 J.!l L 71 45 1.4 l.!lL 13 O.O'.J7 
1406 4.2 1.7 1.4 o.or,5 0.014 0.15 3.:3 0 ,12 0.11 43 1.5 L 66 :u 6.4 2.2 L l!) 0 .12 
1428 2.0 1.3 0.19 0.061 0.04:J 0. 18 2.2 0 .067 0.099 4 .5 fl .77L 56 29 :u I.IL 17 0 .068 
Upper f'reeport (No. 7 ) 1399 2.7 1.6 0.095 0.048 0 .046 0.2:l 2.7 0.1 l 0.05<l 79 0.95L 50 :ll 2.7 l.4L 2:1 0 .084 
1427 4.7 3.0 0.14 0.1 0 0.07:J 0.48 2.4 0.17 0.10 :19 1.fi L li9 91) 3.9 2.21. 24 tl.069 
Anderson 1396 4.1 2.4 0.86 0.1 :1 0.081 0.38 1.9 O.lO 0.067 1:J 1.4 L 47 78 3.5 2.01. 18 0 .13 
1410 2. l 1.0 0.21 0.093 O.O:J8 0.23 1.4 0.064 0 .024 50 O.G8L 22 18 1.5 1.01, 18 0.026 
1426 :1.3 1.6 0.65 0.0ti6 0018 0.24 3.0 0.006 0.082 23 1.2 L 49 40 3,7 1.81, In 0.056 
Richland Lowi'r Kittanning ( 0 . 5) 1447 1.8 l.l 0.071i 0 .029 0.0 22 0.1 I l 4 0.074 0.061 '.l l O.tilL 43 28 1.9 0.9L :J3 0.05:J 
Middle Kittanning ( No 6 ) 1443 20 1.2 0.60 0 .03 1 0.02!'"l 0.18 4.0 0.092 0.11 :14 I.I L P,7 :11 6 .fi I.Iii. Iii o .m1:1 
York Brookville ( No. 4 ) 1414 5.0 3.2 0. 10 0 .087 0.080 0.40 30 0.36 0.12 f\ l I.ti L 47 52 2.4 2.4L 24 O.O:l8 
Middle Kittanning (No. 6 ) 141 3 1.2 0.87 0.099 0 .023 0.Ql7 0.1189 1.5 0.056 0,058 7.0 0.49 L 41 42 2.0 0.71, 24 0.043 
Upper F'ree po rt (No. 7) 141 2 6 .2 3.1 0.16 0 .18 0.082 0.63 ;J.7 0.15 O.O!)(i 45 1.9 L 44 150 8.8 2.81. 12 0.15 
Anderson 1411 26 16 U.093 0 .052 O.tJ.t:J 0.17 030 (l.068 0 .073 f)Jl O.fi9L 40 74 4 .7 I.OL 22 0.082 
Not designated 1462 3 4 2.0 0.059 0.045 0.tl40 0.16 !"l.! 0.19 0.092 5.7 O.!lOL 3:) :J2 2.8 1.!lL 20 ti 12 
CARROLL COUNTY 
Lee I 11arlem 14 50 2.0 0 .91 0.046 0.056 002:1 0.20 0.00 0.057 0.091 24 0.56L 48 33 1.6 O.SL l(i o.o:J:l 
Rose Strasburg ( No. SA) 1449 1.8 1.0 0. 1!\ 0.04:l U.021i o.rn 4 .7 0.083 ll.13 63 0.97L s:1 44 2.:J 1.41, 17 O.Qfi7 
COLUMBIANA COUNTY 
811Ller ll J)JJe r Freeport (Nu. 7) 1439 4.3 2.:) 0.1 3 0.083 0.035 0.30 3.6 0. 13 0.1 l 07 1.4 I. 75 39 2.i 2.IL 20 0.1 l 
Center Mahoning 1438 2.2 1.2 0.18 0047 0.020 0 .22 4 .1 0.070 0. 10 160 0.99L 58 53 2.0 l.fiL :)l 0.047 
1440 2.0 1.0 0.080 0.043 0.025 0.17 1.3 0.060 0. 13 48 0.6 1L 6:J 50 3. 1 0.9L 25 (ll 8 
Elk Run Upper Freeport ( 'o. 7 ) 1466' 2.4 1.6 0 .12 0.0:39 0.031 0.11 4.1 0.16 0. 10 1:10 l.l L 59 lti 4.8 1.6L :l2 0056 
1468 1.7 1.2 0.065 0.0:Jf, 0 .019 0.097 1.2 0 .080 0 .084 85 0.fJ9L 35 in 2.~ 0.91, 27 o.o:Jr, 
Mahoning 14671 1.4 0.66 0.035 0.032 0.012 0.11 0.54 0.040 0.091 3 7 O.!J9L 17 19 u; 0.6L 32 11:IO 
1469 1.4 0.76 0.054 0.030 0.0211 0.10 2.8 0.047 0. 18 HXl 0.(i:,L 3 1 20 1.8 i.OL 2H ti.19 
Franklin 1435 1.5 0.79 0.083 0.020 0.01 5 0 .14 2.9 0 .052 0. 14 1:10 O.li~L 45 34 :1.2 I.OL :12 0. 14 
Hanover l ippe r Freeport (No. 7) l436 :1.2 2.1 0.088 0.068 o.o:J 1 O.:JO :1.2 0.10 012 JO() 1.2 L 76 !;4 4.1 J.7L 20 0.041 
144 l 2.2 1.6 0.099 0.056 0 .026 0.21 2.3 0.067 0.099 67 ll.8:JJ. 85 50 2.8 1.2L 25 0078 
Mahuning 1442 2.9 1.4 0 .090 O.OH2 O.D27 028 I.I 0.090 022 28 0.80L 58 49 4.0 l.2L ~a 0 .2:1 
Macltson 1457 2.1 1.0 0.15 0.048 0 .0 li 0.17 2.fi O.OG8 0.08.1 70 U.76L 39 43 rn l.lL 24 Jl()67 
1458 1.7 I.I 0.067 0.040 0 .015 0.12 1.7 0.051 0.045 :.J;, 0.63L 39 24 3.3 OJJL 24 0 .0:37 
Middleton llp1,er Freeport ( No. 7) 1456 1.5 I.I O.Olil 0.031 0.01 2 0.075 . 1.3 0.072 0.062 !}4 0.!:i'!.L 36 16 2. 1 0.8L 24 o.o ln 
West 1425 2.6 I.~ 0 .064 0.0liO 0.02fi 0.20 1.4 0 .089 0.11 26 0.82L 60 29 4.1 J.2L 22 0(177 
14:37 2.1 1.2 0.056 0,0!)4 0.016 0.12 1144 0 .078 0 040 :m O.n5L r,7 :J:) 2.8 0 .8L Iii IJ0i6 
Yello w Cree k 14iil 20 l.f, 0.077 00,;3 0.021 0.J(j 2.2 tJ I l O.<J99 ;Jfi 0.7HJ. :14 71 1.7 l.2L 24 tf.(lf,8 
GALLIA COUNTY 
Huntington Lower Kittanning ( J\o. !\ l 1009 2.0 1.5 0.26 U.0:JO 0,()47 0.19 4.!\ o.oris 0.081 20 I.ti L 7:3 ;J8 3.0 I.GI.. :w 0.071i 
Morgan Midd le Kittanning (l\o. ti ) 1010 4.2 2.8 0.24 0.12 O.Ut19 0.54 1.9 U.10 0.073 7.1 1.4 L 00 69 3.:l 2.0L 15 011 
Pe rry Cla rion (No. 4A) l008 2.8 1.7 0.28 0.070 O.Ofi2 0.26 3.5 0.097 0.077 GO I.I L 75 4;1 3.:l l.li L 14 O. ll 
Luwer KiLtanning (No. 5) 1007 1.5 1.2 0 .26 0,0J7 0.026 0.089 5.2 0.043 0. l5 140 0.95L 83 25 2.4 l.4L 12 Ofl7R 
Middle Kit.tanning (1 o. 6) 1006 095 0.80 0. 13 0.013 0 .017 0.026 0.8 1 0.036 0. 15 16 0.37L 38 12 3. 1 O.GL 'l.4 llt>-1:1 
l!accoon Cla rion ( o. 4A ) 1003 2.4 1.6 0.099 0.0 17 0.035 0. 15 3.4 0.077 0.14 60 0.95L 130 2 1 7.4 l.4L 4 .h t/028 
1004 :i:i :i !; O:lO O.OIR OOfi!! 0064 li.8 004:l 0 .099 
"' 
20 82 74 4.8 2.61, I 11 :1 1 
GUERNSEY COUNTY 
Adam!- l..uwf'r KiLtanning ( 0. 5 ) 1486 2 1 u; 0.30 nn:JH ti.Olli 0.15 f>.2 0.088 0 l!J .J:J I .~ L Hli GO 1.4 l.7L i , OOfii\ 
Strasburg ( No. !'iA) 1485 t I 1.2 0.2 1 om:1 0.028 0.1174 3.8 0.(J'.32 0.090 '.!..7 JIHtll. 58 47 2. t l.2 L :t i Olt7H 
Middle KiLtanning (Nu. 6 ) 1484 0.70 0.52 0 l l 001 5 0014 0.032 2.7 0.()22 O.Ot!li 44 04!lL 4:1 2:J 1.2 0 .7 L 2 1 002\1 
Lower Freeport (Nu. 6A) 1483 4.9 2.3 0.22 0088 0.03ti O.!J8 H.I 0.1 0 .20 49 1.8 I. :12 88 3.4 2.6L 12 0.8 1 
Cambridge Not designaLed 1502 3.4 2.6 0.064 0.074 0.061 o.:J2 0.20 0.10 0.061 1.7 0.99L !!ti 54 2.U 1.5L f, J 0.1 I 
Jackson Lower Kittanning ( No. 5 ) 1495 1.2 0.84 0 .35 0.023 0.027 0.062 1.7 0.052 0.069 5.7 0.55L 57 7.:J l.:J 0. L 28 0 .047 
Mirldl e Kit.tannin g (No. 6 ) 1494 I.ti 0.98 I.JI 0038 0.02fi 0.12 1.7 0.039 0.062 7.6 0 .76L 58 27 2.8 l.lL ~-1 0.117(i 
Lowe r F,·eeport (No. 6A) 1493 2.B 1.4 0.33 0.038 0.0 2 1 0.17 3.:1 0.1 l 0.07H 40 1.0 L 76 23 4 .4 l.5 L Iii 0 .14 
Upper F'reepo rt (No. 7) 1492 1.8 1.2 0.050 0.029 0.0 19 0. 1:1 1.0 0.085 0.0:>4 30 0 .56L 53 24 1.8 0.BL 2:J 0 .056 
J cITerson Brookville ( No. 4 ) 1476 3. 1 I. 0.!\3 0.050 0.049 0.20 0.90 0.12 0 .096 3.4 0 .9aL 72 260 3.3 1.4L :39 0.072 
L.owcr Kittanning ( 0. 5) 1475 2.7 1.3 0.34 0.0:15 0.043 0.15 3.6 0.097 0.091 :JO 1.0 L 65 17 2.1 1.5L 28 o.:in 
Middle Kittanning( . o. 6 ) [474 2.3 1.5 0.10 0.043 0.034 0.18 3.5 0.076 0.093 :)7 0.97L 73 16 1.9 l.4L 17 0.2ll 
Londonderry Quaker town (No. 2)? 1470 3.6 1.8 0.070 0.067 0.054 0.28 1.0 0,16 0.072 12 0.971, 6 1 60 4.7 l.4L 47 0 .057 
Lower Kittanning ( ·o . 5 ) 1465 1.2 0 .66 0.51 O.O:l7 0.0:34 0.084 4 .5 0.042 0.12 33 0.861, 66 20 2.7 1.3L 18 tl.046 
Middle Kittanning (No. 6) 1464 5.5 2.9 0 .22 0.21 0.0!ll! 0.71 3.8 0.17 0.067 61 1.8 L 75 59 5.6 2.7L IU 0.043 
Lower Fr<'eport ( 'o. 6A) 1463 1.9 I.I 0.14 0.037 0.040 0.12 3.2 0.093 0.095 77 0.8 1L 64 18 8.4 1.2L J:I 0.029 
Upper Free po rt ( No. 7) 1459 :J.3 0.85 0.063 0.018 0 .023 0 .060 4 .6 0.077 0.13 130 l.l L 48 19 6.4 1.6L 14 O.tl:J!l 
Monroe Middle Kittanning ( No. 6) 1480 0.54 0.48 0.30 0.019 0.023 0.029 2.2 0.022 0.094 25 0.46L 40 11 2.0 0.7L 34 0.029 
Not designated 1481 5.3 4.2 0.093 0.088 0.088 0.50 2.4 0.17 0. 11 J:3 1.7 L 64 96 16 2.5L :J9 0 .1:J 
Oxford Bedford 1454 12 6.2 0 .19 0.29 0.20 1.0 1.5 0.66 O.t7 4 6 :1 l L !Oil mo 5.9 4 .fiL io 0.045 
Brookville ( o. 4 ) 1461 4.3 2.4 0.32 0.l3 0.10 0.43 2. 1 0.16 0. 11 13 1.3 L 73 71 3.9 2.0L 27 11 
Middle Ki ttann ing (No. 6) 1453 4.3 2.4 0.12 0.15 0.093 0.49 3.0 0.14 0.066 5.5 1.4 I, 83 62 2.1 2. tL 12 0.025 
l,ower F'reeport ( No. 6A)· 1452 1.9 1.0 0 .18 0.037 0.027 0 .12 1.6 0.086 0.050 21 0 .6nL 6n 25 3.8 I.OL 14 0 .0 12 
Wilgus 1460 3.2 1.5 0.53 0.10 0.059 0.3 1 3.8 0.090 0.094 30 1.3 L 53 220 4.8 I.BL I I 0.02(1 
llichland Lower Kittanning ( No. 5) 1505 3.5 2.0 0 .20 0.085 0.05:J 0.27 1.8 0.1 I 0.085 15 l.l L 80 38 2.7 1.6L 20 0.074 
Middle Kittanning ( No. 6) 1504 3.6 2.0 0 .35 0.098 0.054 0.30 2.9 O.ll 0.087 9.0 1.2 L 80 38 2.5 I.SL 15 015 
Lower F'reeport ( o. 6A) 150:J 1.5 0.86 0.1 l 0.032 0.015 0.12 4.6 0.046 0. 10 GI 0 .85L 63 14 4.8 1.3L 17 0.16 
Not designated 1506 3.9 2.!\ 0 .!\5 0.085 0.057 0 .33 1.5 0.15 0. 14 5.!) 1.3 L 66 9;3 3.4 l.9 L 34 0.0:)8 
Spencer Quakertown (No. 2)? 1500 1.9 1.4 0.080 0.041 0 .062 0.18 1.3 0 .062 0 .086 41 0.65L 51 23 3.1 I.OL 67 0. 17 
Middle Kittanning (No. 6) 1491 1.3 0.90 0.12 0.022 0.036 0.10 2 7 0 .048 010 12 O.Ci3L :17 24 1.0 2.7 38 O.Ofifi 
1499 I.I O.S.1 0. 16 0.025 0.030 0 .094 2.8 0.038 0.058 42 O.t11L 61 19 1.9 0.9L 32 004il 
Lower Freeport ( No. 6A) 1490 3.5 1.9 1.0 0.10 0.078 0.33 4 .5 0 .089 0. 13 110 I.G L 60 120 4.0 2.2L 29 0.045 
1498 3.4 1.8 0.45 0054 0 .083 0.21 3.1 0.13 0.087 78 1.2 L 65 56 2.6 1.7L 22 0 .075 
Upper Fre~port ( 'o. 7) 1497 2 1.4 0.63 0.055 0 .045 0.26 3.1 0 .081 0.069 110 I.I L 72 JOO 2.3 l.6L 2:J 0.078 
Anderson 1489 2.3 1.0 I.I 0.078 0 .044 0.12 1.2 0.059 0.057 It 0.8!\L 57 180 1.8 l.3L 22 0.015 
1496 1.9 0.92 I.I 0.050 0 .028 0.13 3.1 0.04tl 0.077 (j() 0.9iil. 52 41 1.2 l.4L 14 0 . l l 
Valley Lower Freeport (No. 6A) 1482 1.2 0.90 0.096 0.022 0.017 0 .074 3iJ 0.043 0. 11 15 O.!i7L 40 2:J 4.fi UIL 17 O.O:l8 
Washin gton Brookville (No. 4 ) 1473 4.6 2.6 0.17 0.092 0.060 0.35 0.72 0.18 0. 11 9. 1 1.2 L 92 94 4.9 I.BL 21:i 0 .24 
Middle Kittanning (No. 6) 14 72 3.3 1.7 0.30 0.11 0.058 0.37 2.3 0.10 0.089 (i.7 l.l L 79 65 3.2 l.6L 2:1 0065 
Lower Freeport ( No. 6A) 1471 3.6 1.8 0.15 0.092 0.035 0.3 1 5.1 0.11 0. 18 35 1.4 L 90 47 5.5 2. IL II 0.053 
Wes tland Lower Kittanning ( No. 5 ) 1488 0.67 0.55 0.36 0.012 0 .021 0.039 7.0 0.024 0 18 84 1.0 L 63 2 1 10 1.5L 23 0 .44 
Middle Kittanning (No. 6) 1487 1.6 1.0 0.080 0.029 0.032 0.11 3. 1 0.059 0.080 28 0 .73L 64 24 1.6 l.lL 27 0. 27 
Wills Brookville ( o. 4 ) 1479 4.2 2.6 0.25 0 .087 0062 0.35 1.0 0.16 0.080 5.0 1.2 L 74 110 2.8 1.81, 35 0.092 
Lower Kittanning ( No. 5) l478 17 0.89 0.18 0.024 0.027 0.074 3 .9 0.081 0. 11 22 0.83L 78 I ;J 2.7 1.21, 26 0.21 
Middle Kittanning ( o. 6) 1477 2,5 1.4 0.19 0.070 0.048 0.22 3.5 0.072 0.089 7.8 1.0 L 74 37 2.4 l.5L 16 0.30 
HARRISON COUNTY 
Monroe I Upper F'reeport ( ' o. 7) 1455 1.8 0.94 0.15 0.042 0.030 0.18 2.5 0,058 0.050 35 0.73L 68 22 1.7 I.IL 27 ().04:1 
JACKSON COUNTY 
Bloomfield I Sharon (No. I ) l005 2.5 2.1 0.061 0.044 0.057 0.17 1.2 0.083 0.22 56 0.86L 44 33 4 .7 l.3L 14 01 '.l 
JEFFERSON COUNTY 
!loss I Upper F'reeport (No. 7) 1445 0 .87 0.76 0.062 0.012 0.012 0.055 1.7 0.046 0.058 57 0.44L 33 9.6 1.4 0.6L 32 01124 
Mahoning 1446 3.6 2.0 0.4 1 0.086 0.20 0.37 1.8 0.1 l 0.061 73 1.2 L 56 170 3.3 I.SL 17 0.067 
Springfield Lower F'reeport (No. 6A) 1444 1.8 I.I O.ll 0.024 0 .0 17 0.ll 2.4 0.081 0.079 87 0 .73L 58 80 2.li l.lL 2H O.ll:J4 
MUSKINGUM COUNTY 
Wayne I Uppe r F'reeport (No. 7) 1359 2.3 1.7 0.33 0.054 0.034 0.16 2.9 0. 11 0.066 9.4 0.97L 83 66 1.7 l.4L 5.9 0.040 
STARK COUNTY 
Bethlehem Strasbu rg (No. 5A) 1415 1.4 0.7 1 0. 13 0.048 0.029 0 .10 3.7 0.043 0 .11 15 0 .76L 90 38 2.2 l.l L 16 0018 
Middle Kittanning (No. 6) [416 1.3 I.I 0.21 0.050 0.0 16 0.12 0 .51 0.053 0 .14 8.2 0.47L 9.0 90 2.7 0.71, II 0,037 
Osnaburg Lower Kittanning (No. 5 ) 1419 0.76 0.50 0.082 0.020 0.017 0.058 3.8 0.032 0. 10 35 0.63L 57 14 2.4 0.9L 30 0.05!\ 
Middle Kittanning (No. 6) 14 20 1.5 I.I 0.058 0.033 0.017 0.13 1.7 0.065 0.081 8.8 0.57L 57 16 2.9 0.8L 22 O.ll!l4 
Lower F'reeport (No. 6A) 1421 4.8 2.5 0.11 0.091 0.029 0.41 1.8 0.18 0.084 14 1.3 L 82 92 4.9 2.0L II 0.047 
Paris Lower KitLanning (No. 5) 1433 0.52 0.4 1 0.1 1 0.016 0.02 1 0.0 [7 4 . l 0.015 0 .13 140 D.6IL 63 18 3.4 0.9L 29 ().()22 
Middle KitLanning (No. 6) [4 23 2.2 1.5 0 .069 0.067 0.026 0.2 1 1.9 0.JO 0 .11 15 0.78L 57 38 3.2 1.2L 17 0.092 
Upper F'reepo rt (No. 7) 1432 2.5 I.I 0.53 0.088 0.020 0.25 1.3 0.065 0.079 33 0.80L 7 1 58 2.5 1.2L 4 .9 0.064 
Pike Brookville (No. 4 ) 14 18 2.2 1.5 0.23 0.076 0.04 l 0 .17 0.72 0.053 0.085 3.7 0.69L 91 25 2.8 1.0L 29 0.20 
[434 1.1 0.72 0.15 0.028 0.027 0.056 3.0 0.037 0.1 I 9.7 063L 64 26 2.4 0.9L 20 0.085 
Lower Kittanning (No. 5) 1386 1.5 l.l 0.08 1 0.025 0.028 0.072 2.2 0.06 1 0 .085 II 0.64L 64 ll 2.2 0.9L 22 0.064 
1417 1.6 1.2 0.080 0.028 0.032 0.077 1.4 0.058 0 .083 7.4 O.liliL 8:J 12 2.5 0.8L 21 0.17 
Sandy Brookville (No. 4) 1424 1.9 1.4 0.20 0 .036 0.046 0.11 0.43 0.058 0.06 1 1.8 0.59L 63 34 2.4 0.91, 26 0.070 
1424-1 5.7 4.8 O.ll 0.015 0.020 O.ll 3.1 0.30 0. 14 10 2.0 L 82 22 2.7 2.9L 6.2 0 .093 
1424-2 1.9 1.6 0.11 0.024 0.02 1 0.068 3.9 0.058 0.12 5.7 0.95L 81 35 2.9 l .4L 29 0 .14 
Sugar Cr eek Middle Kittanning (No. 6) 14 22 0.81 0.60 0.09 1 O.oJ6 0.026 0.027 1.5 0.030 0.056 7.8 0.38L 110 8.4 2.0 0.6L 13 o.o:J4 
TUSCARAWAS COUNTY 
Sandy J Middle KiLLanning (No. 6) 144 0.80 0.54 0.34 0.024 0.023 0.057 2.9 0.032 0 .11 IO I.I !;4 3 2.3 0.9L 30 (l.l() 
VINTON COUNTY 
Knox I BrookviUe (No. 4 ) 1002 3.5 2.2 0.087 0.023 0.06 1 0 .12 1.3 0.18 0.083 7.2 1.0 L 76 29 2.8 l.5L 14 0.086 
Cla r ion ( No. 4A) 1001 1.7 1.6 0 .20 O.oJ8 0 .()37 0.056 1.3 0.044 0.096 3. 1 0.67L 89 26 2.3 I.OL 17 0 .055 
( " ('I 
ppm ppm 
'<A xw 
21 l ,5!H) 
d.6 1,600 
!1) 1,400 
18 I . JOO 
J;J fi llO 
J;J 350 





































































2 1 1,500 
24 9 10 
2:1 980 











9 .:J 1,200 
H.:) 7!!0 
f:} f"l 1,000 
21 I.300 
:2:2 1,30!) 




















9.3 l ,600 
5.8 840 








1,5 l , IOIJ 
TABLE 5.-Major, minor, and lrac,, e/("Yf!er>I co1r1position , 11·iwl1•-mol b"si.s, h11 ~rnmty 
Key to !-iymhc>1-,. 
Method (co lum n head,): 
t by rmbsion spt'l'Lrography on ash 
':\A bv nl'ut>·un acuvat ion on \\ hole 1'Wtl 
WA h\l \\•~t, ht'm1-;L rvon a.sh 
WW - b}' WPl l'hl'm1.,;;lf}·nn wltolt> c·nal 
XA by X -ray n uures<.:Pm·t• on a.;-.h 
XW Uy X ray JluorPS<'(•nrP on whnle l'oa l 
H nnl cl " lf'rminrd tltw I ll mlt•rfi'rf'nc<• 
I. ll'SS th an nLltH' s h own 
l><'cl r1 r-... 1~nat1nn tt•nt c1t ive 
va lurs for .,amplt• nos. 14fifi ancl 14f~7 prnhahly -,w11C'ht•d, hasecl on 
, orn.•sµundl•nc(' , r a'ih values wilh prnx1matt · ul t 1m;Jtl' a,h \·ah1e, 
Analyses were performed bi th ,· ll :-. Geolo~ical Survey. The anal)~1ral pn,~r.,m of I h,• t..S. (;polo~J('al Survey is µ<·riodic ally 
rf'\Jisrd anrl 1mprovrd. The valuP, rr-po rrPd rPprf'!',Pllt tl,P he~t data availat 1lr :ti th f' tinw of mnn u"it' rtp t preparation. Th o~r 
d1·U·rmina t 1on.-. made by wet <.:lwml'itry art~ 4uLtnt itativ(', I hi' remain111~ m,•thuds ar" con~1dPre<I .sPmiquantit at tVC'. 
The fullowin>t elemcnls; were looked for hut not fnu11d: 111, Ir, th, Pd, P1 , Ht->, Hh. Ru Te, Tm. 
Co Cr Cs Cu Dy Er Eu F Ga Gd Ge Hr II~ Ho La Li J.u 
ppm ppm ppm µpm pµm ppm pµm ppm ppm ppm ppm p1 •111 µ pm ppm ppm ppm ppm 
NA NA NA WA E E NA WW ,; E E ",A WW ,; NA WA NA 
8 .6 26 1.2 12 2.~L 1.4 O.R6 20 17 4 .2L 14 068 0.080 0.88L 9.-l 25 0 12 
2. 1 9.8 0.21 7.9 l .9L 0.40L 0 .20 70 6.7 2.81. 14 0.21i 0.13 0.60L :J.2 :u, 0. 1 l 
2.7 16 0.87 8.5 2.0L 1.6 0.!39 90 5.8 2.8L 7.8 0.41 ll.090 0.61L 5.(J II 010 
9.fi 17 0.92 13 3.4L 0.7 ll. 0.48 40 6.8 !i.OL 14 0.40 0.2:J I.I L 8.8 7.8 0. 10 
8.9 16 0 .96 4. :).3 0.52L O.:J4 140 4 .8 :J.6L I :l 6 ll.44 0.050 0.78L 6.8 5-1 0.08 
2.9 22 1.7 9.2 3.5L 0.73L O.:J5 140 5.5 5.IL 5.1 071 t>-090 I.I L 7.0 !; I 0.1 I 
ll :11 2.0 8.b 3.2L 0671, 0 .!\2 100 2.2 J. 4 71. 7 "!. 0.99 0.2!\ 0.1191. 15 :Ul 0 18 
(i.O 35 0.23 :JO 4.2 2.8 1.0 40 H Ji:l h.:! I.I 0.42 0.75L :m II II 14 
5.9 41 2.:J 13 G.OL I.I L 0.48 0 ;J.4 L 7.31. 17 1.2 0.4 1 I.ti L 1:l ll 0.2:1 
4.0 38 0.78 21 3.9L 0. IL 0.64 70 14 5.6L 6.0 U.00 0.19 1.2 L 16 26 0 11 
4 .1 59 1.8 ~n 12 L 2.6 L 1.:l 90 2:l 18 L fi.7 7.fi 0.42 ~.8 L :J8 40 tl.47 
2. 1 5.8 0 .05 9.2 3 .0L 0.63L 0.20 60 6.5 4.4 L l fi 0 IIJL OlO 0.94L 2.0 14 0.14 
2.9 15 0.39 8.1 1.4L 0.291. 0.28 120 0.93L 2.UL 2.4 O.i l 0.23 0.42[. 7.1 Ii o tr, 
2.2 .4 0.22 15 7.IL 1.5 L 0.2f> 50 1.6 10 L ll 0.25 o.:J7 2.2 L 2.9 :rn 0.0S 
2.7 22 2.5 14 4. IL 0.861. 0.38 40 8.2 tiOL 3.11 0.78 (U2 1 3 L 9.1 22 O.l~ 
5.4 29 2.3 1:J 5.7 1.0 L 0.47 60 :l.3 L 7.0L ;JJ I.I 0.::?2 1.5 I, 12 18 0.2f:i 
3.6 16 0.83 ll 2.f>L 0.52L 0 .32 !iO H 3.6L II o.:rn 0.:18 0.771. 6.!i 18 O.Ofl 
II 22 1.4 17 3. IL 1.5 O.'.l9 40 7.3 4 .5L :1.2 0.74 0.080 0.95L 10 9.9 0.12 
6.5 34 2.7 2/i 4 .71. 0.99L 0 .5 80 16 6.9L 6.2 l.l 0.42 I.!") I. 14 47 0.1:i 
4.9 3 1 2.2 51 4.5L 0.94L 1.3 120 ll 6.5L 7.8 0.87 o.m!O 1.4 L 2fi !J:l o.:l6 
3.3 15 0.66 5.2 2.2L 0.46L o.:35 80 1.5 L :1.2L !\.8 0.52 Jll!l 0.68L 8.5 w Olfl 
2.4 2 1 1.4 25 3.9L 0 .81L 0.47 40 (i. l 56L 7.2 U.Ji2 0.:12 1.2 I, 88 2 1 0. 1:J 
5.0 13 042 9.8 2.0L 0 .41L 0.25 40 :J.7 4.3 32 0.!'")2 OA l O.lil L 5 4 1:J 00\1 
3.6 17 1.2 12 3.4L 0.71L 0.40 40 H n.OL 7.9 0.62 0.42 I.I L 7fi JO 0.15 
4 .2 49 1.5 20 5.2L I.I L 0.58 90 16 7 .5 L 6.:1 1.9 0.:17 I.ti L l9 20 0.2:1 
2.5 14 0.48 4.9 UiL O .. :JL 0.27 160 H :18 7.2 0.:1:; ti . Ii 0A9L 4.0 fi.!") ti.IO 
5.6 ;34 3.4 14 6.1 1, 1.3 I, Otil 100 9, 1 8.8L i;,:1 l.l u.:11 1.!l J. 15 16 0.2 1 
7.9 2:1 1.7 1:J :u 0.47L o.rn I IO ll.9 :i.o 1:J 0.:).J (I.Iii 1.0 l(i Ill (U8 
ll 25 0.5 1 ;JO 2.91. 0.611. O ti:! HO 1m 4 2 L :w 1. :l 024 O'ltll. lb Iii 0 l!l 
13 Ill O.ti8 5.:i I.SL o.:isL 11.21 140 :J.2 2.7L 8.'.J 0,411 0.2 I O.iifiL 4.7 :J.O 0.0ll 
8.5 16 0 .80 9.0 3. 1 I. 0.6t il. 0.4 1 10 H n:1 l!l l) f) J 0 15 0.!171. ti.7 (i.4 11.15 
9 .~J ~H 1.8 27 4.6L 0.95L 062 !")0 7fi fl.fiL 2.7 O.H~ 04!1 1.4 L 17 :!'.J 0.14 
8. 1 17 1.0 12 3.2L O. ti7 L O:l8 70 H 4.7L :HJ 0 .48 04'.l 0.9flL 8.~ 7.0 0 .llh 
17 13 0,6!; 6.9 2.0L 0.411. 042 1:io 7.o.l 2 91. II 0.47 0.20 0.611. 7.:l :J.5 0. 11 
2 .5 IO 0.24 19 3.4L 0 .721. 0.:10 40 11 5.0J. I i 0.4fi 0.:15 I.I L 4.9 :w Jl II 
2.4 15 0.55 9.<i J.9L 0.40L 0,2:, 10 f>.8 2.81. H.1 0.!:>2 02!1 0!\9L 57 1:1 0.06 
17 18 1.:1 5.7 l. '.J L 0.2lil. o.;;o Ill 2.7 1.81. 4.3 0.70 0 24 0.39L I !J 4. 1 O. l !i 
II JO 0.f> I i .8 2 1L 0.44L o.:J7 50 H :J.OL 7.2 0.:1:, 0:12 O.H;JL f-i.f) ;l.:! 0.11 
15 14 0.1\3 IO 2.2L 0.4fiL 044 40 H :1.2L 1:J tl.41 040 O.!i8L g-.I :3.8 O. ltl 
3.0 24 1.5 l(i :1.71, 0.7HL 0.4:J 210 f>.8 5.4L 2.0 0.52 0 :1:1 I.:! L l!i JI 0.12 
7.2 2 1 1.2 20 2.71. 0.5!iL 0.flfi 70 ltl :l.\JL !ti 0.41 0.17 11 17 n.:t O. Jti 
19 2 1 l.:J II 2.fiL 054L 0.46 70 lO :J 7L 19 ().t;:J 0 !G 0.80L in 5.7 fl. Hi 
(i 7 13 0.9G % 2.5L 0.S2L 0.:1() 140 II :J fiL :).1i 0.42 026 0.76L 5.7 ,1,4 O.lli 
9 .7 II 0.64 6.5 2.0L 0.41L () .. 11 JO :1.9 !l OL 5.:J 0 .:10 ()28 O.li:11, 9.7 ti,S 0.10 
:3.5 12 u.:34 n.2 1.71, 0.:151. 0.28 50 4.2 2.5L ~q 040 O.:JI 0 .G2L 5.:i 1:J 0 .09 
6. 1 22 1.4 18 2.7L 0 .5/iL 0.56 200 fi2 :l !-JL 2.:1 0 :)1) 017 082L Ii\ 11 012 
1.7 15 0.8-1 :J,2 I.BL 0.37L 0.25 40 4.~ 2.6L :1.0 0.44 0.21 0.5.1L 9.9 ti.6 (l.ll8 
4.6 20 0 .83 14 2.5L 0 .53L O.;J8 50 4,9 3.?l. 3.3 0.77 0 .23 0.78L 7.6 17 0.13 
7.5 18 0 .70 12 56 0.70L O.H2 900 10 7.:J :J.O o.:;o tl .O!>O 1.0 l. IO \J.7 0.:!7 
!).8 27 2.:l 2~ 4.f>L 0.94L 0 .61 740 IO 7 l :t~ llktl tl.otill l 4 I. J: I Iii O:!O 
:l.f> 19 1.8 8.!-J :J.6L 0.75L o.: !7 4'i0 HO ~1.5 5.1 O.h:'l tl!Mitl I.I L 6.0 f)h 0.11 
:l.~) t H 0 .!ill l l 4.:l O.li.JL o:m :JW 8"' 10 51 o.:m 0111 ll.B;iL 4.0 li.:J 11.2:1 
4.:J J;J 0 .10 8.:1 ;J.4 0 .25L 0:12 I 10 r,.:J ;J (, 18 0.!10 11.tKiO u.:17L 3.0 -t7 0.12 
I JJ 22 I.I 18 :J.IL 1.8 o. HI 2fi() h4 fd) If< O!iO ti.I:! 11.!l.) I. fill Ii_.! 0.:!2 
l4 21 0.2;; 12 II UL I.Z 120 I I II it 0 .67 1).070 1.7 L b.7 .J:J o.:J4 
:J.7 20 0.72 8.9 9 .:l 0.79L 0.48 300 II 12 8.3 0 .6!! 0.27 1.2 L 8.7 13 0. lti 
It 72 0.28 :t7 II O.G4 J. 1.4 170 H IO 2.7 04 t 0.2 1 0 801. :l.l 8 .4 0.25 
:l.4 9.7 0.18 :H) l.lll. 0.:1:11. 11.~I :1tHJ 11 :1_7 fi .: t 1cm 02:l OA9L 4 .H fl I 007 
!i.9 ao 2.0 :!£ 5.7L 1.2 L 0.'1tl 00 Hli :!. l 14 I :1 11:\(j 1.8 l. t.t 1:1 0 17 
9.:) 29 2. 1 16 3.2L 0 .67L O . .t4 SU 12 4.!il. fl.4 0.8!1 o.u:io O.fl<lL II ~h 0.15 
2.2 12 0. 18 15 I.BL 0.37L 0.2(i 60 11 2.6L 1.7 0.4:J 0 .22 0.5f>L 4.1 4 .ii 0.051, 
:1.2 14 0.(iO 1:l 2.5L O.fi2 L O.:IO 120 4 .0 :J.liL (i.4 0:14 0.24 0.761. 4.7 8.5 0.12 
a.9 17 0.75 II 3.4L 0.70L 0.79 120 H 4.9L 6.4 0.80 0.27 1.0 L 14 9 .8 0.1!1 
4.8 16 0.71 12 I.SL 0.38L 0.27 IGO 4 .2 2.7L !it 0 .f>l 11.24 OHiL 71 9 l 010 
:3,!) 31 l. t 17 5.3 0 .64L 0 .4'.J 90 18 4 .41. 1r, 0.82 0.20 0.9GI. 7::! ( f, 0.051. 
25 18 0.56 H.5 3.'.JL 0.70L 0.48 40 4 .li 4.91. 9.4 0.58 t,.:12 1.0 L HI :?I 0.2:1 
.t.l 20 0.90 II 3 .IL 0.66L O.:J4 90 5.9 Hil. 6.4 0.5fi 0.:1-1 O.fl7L 7.1 L! 01;, 
8.6 20 1.4 16 :J.IJ. O.<iliL o.:m 30 17 4.JiL 7.6 11 O.~fi 0.071, 8.1 :n II.I I 
3.:J 9.8 0.32 7.7 2.8L 0 .58L 0.2 1 !OL H 4.1 L 1:1 02!> 0.-10 11.H!iL :J.;l :t.H 0.08 
(i.4 32 :).Jj 17 5.9L 1.2 L 0.56 120 G.9 8.;'j l, JU 1.2 11.:1. t 1.8 L l b :;:{ 0.20 
3.0 15 U.53 8.3 2.6L U.55L O.:JH 10 11 :lhL I~ O.fi2 021{ O.HIL 70 n.o O.J:J 
12 16 O.:J:J t 8 :l.fiL 0.74L o.:17 IO II ii:! !. If) O.GO 11.:l1 l.l J. !\.ti ti.ti t).):J 
2.4 ;Jg 0.14 4.li 1.5L O.:JIL 11.2 :J HO 11 ;3.4 17 0 . 1!-' ri.:1:1 t1.41iL :Hi 8.ll () _()(; 
9,9 01 :ui :!5 12 4 .4 l.l HO 17 17 21 I.ti o.:m l.7 L 21 ~o tJ.ti:J 
:J.4 !)0 3.8 77 JO L 2. t I. 1.2 l liO :11 Ii> L !O -1 .2 11.44 :u L 41 :;o 0 :19 
!'"i.(} 29 2.3 24 4.:JL 0.90L 0.4!) 81) :l5 6.'.ll. :19 I.I n.:IO I. I) I. 10 :ti 0.18 
:l.2 24 2.7 13 4.6l. 0.9f>L 0.5'.l 11 0 7.!'i li.JiL :l.7 I.I o.w 1.4 I. 12 48 O.lli 
4.6 14 0.59 8.2 2.IL 0.44L 0 .64 80 :J.9 :J. l l, 2.7 0.6:, n.25 0.77 II 7.8 0.1 :1 
~>.7 20 1.8 I ;J 4 .0L 0.8!\L 0.46 50 H ~.91. 12 0.56 o.:m 1.:J l. fi.2 I ~ O.l!i 
2 ii 17 1.2 18 3.!';L 0741, 0.44 50 8.8 !i. 11. l(j 0.84 1110 l.l I. 9 0 21 (1.18 
4.2 20 1.5 I !l 4 .0L 0.8:JL 0.:1~ 70 fi.5 5.81. (j_!) 0 .77 11.020 1.2 L b.7 4 :J 0.14 
2.8 II 0.4!l 8.0 2.8L O.!'i8L o.:tl 50 II 4 .0L 8 .1 0.:12 fl.40 0.85L :3.4 4.!l 0,0H 
:l.6 10 1.4 18 •l .2L 0 .87L 0.:18 60 17 ti.II. l!) O.H!l 0.21 1.:J L 9. 1 ~ l 0.11 
18 2 1 0.92 14 2. I L 0.441. (l.2:3 :WO 7.0 :l.OL H.2 0.47 0 .080 0.65L 5.8 !l. l O.tn 
:J.2 16 0.53 II 5,7 0.421. 0.2:1 130 H fi.3 :;.z o .:1R 0.27 0.63L :1. 1 7.5 0.08 
2.8 JO 0.50 8.9 2.0L 0 .41L 026 120 11 2.81, f>.4 0.29 O.O!JO O.G IL '.J.(i 7.7 0 .1 l 
7.f, 21 I.I 10 4 .9L 1.0 L 0.58 50 80 tr l :J U.li~ 0.47 1.5 L Iii HJ ()l(i 
;J 6 20 0.92 12 3.7L 0.7 I. o.:J8 15(1 5.:l :;.4L 10 0.82 0.1:l 1.2 L SA 27 0.17 
6.6 17 I.I 14 3.4L 0.721, OAfi J(jQ :J.7 fi.OL 5.9 tl.Ji2 (l.l fl I.I L 9.!l 7.:l 017 
2.9 l :J 0.54 8.7 2.8L 0 .581. 0.20 220 :J.9 4.0L 19 0 ,4:, o.:i:i 0.8()L i\.4 8.7 () .()7 
4.8 to 0.6H 1).4 :J tL 0.Ci4L 0.18 {iO II 4 .fi l. ,a 0 :J~ O.lfi O.HGL !1. 1 :u; 0.oti 
f">.2 1:1 0.4 9 Ci.4 2.2L 0.4fil. o.:m 1:10 II 4 .8 8.4 0.:14 0.2!'") O.Ji7L 4.2 !-J.9 0 .10 
5.4 40 2.1 27 4.0L 0 .83L 0.6ti :JO 24 fi.8L ;Jl 1.2 o:m l 2 L 8. t '!.7 0.17 
:J.I 18 2.2 9.7 3.6L 0.7fiL 0.41; 90 9.4 8.6 Ill U.7f, 0.27 I.I L 10 ;)4 015 
3.7 24 I. 27 4.5L 0.94L 0.61 liO H f)!l II 0.tifi o.:3:J 1.4 L 9.8 2!1 0.19 
2 1 9.7 0.20L n.6 3 .3L O.fi9L 0.:1 7 130 H ll ~f 0.18 o.:i1 1.0 L 4.2 2.9 0 .10 
3.:J 15 1.2 10 2.4 L 0 .49L 0 .2H 150 II :J.7 ':1 048 0.2:) 0.73L 2.9 1:1 0 .1 I 
3.!l 36 1.7 II 3.9L 0.8 1L 0.44 70 13 ii.7L .... !l 1.U 0.1 8 1.2 L s.:J 27 0 .08 
12 14 0.24 9.2 2.7L 0 .56L o.:i1 100 H :J.!lL l 'l 0.41 o.:J4 0.8:JL 3. l 5.i1 0.1 8 
8.6 15 1.2 12 3.3L 0.69L O.:Jll 40 H 4.8L 4.l:> 0 47 ll l !l 1.0 L 7.4 I ;J 0 .10 
3. 1 14 0.80 7.fi 2.4L 0.49L 0.:16 80 11 HL 5.9 0.4:l 0.28 0.73L .°). ) 4.5 0.08 
l (i 28 l.l 17 2.8L 0.581. 0.55 260 14 6.2 25 O.tlO 0.060 1.4 18 20 0 .16 
:l.5 II 0.30 8 .3 l.4L 0 .29L 0.18 50 H 2.t!L li .3 0 . .!5 0 .!17 0.44L 4.9 5 I 005 
t>.4 21 1.7 9.8 3.9L 0.81L 0.5G 80 6.8 ;-l(.i 1,7 08:l 0.49 1.2 L 9.9 12 (1.18 
4.2 15 0.36 9.fi 2.41. 0.49L 0.:)8 fiO H ;,2 fi_J o.rio 11.4 t O.i~L !l.O 7.h 011 
3.2 23 1.2 1:J 3.IL O.GtiL U.:J!"i 60 9.6 4.6L fi.7 IJ.71 0.070 0.fl7L 9.7 20 0.08 
1.8 JI 0.43 6.4 6.2 0.52L 0:12 180 H ~.fiL 5.0 0.:)3 0.20 0.76L 4 .0 3.0 0.09 
2.8 JO 0.47 26 5.1 0 .32L O!l2 60 5.0 2.G 4 6 0 .27 0.17 0 90 4 .{i 7.G 008 
8.7 8.7 0 .37 10 2.0L 0.42L o.:35 60 11 2.91. 8.5 0.27 0:37 0,63L 3.2 2.:l 016 
2.2 12 0 .68 9.2 I.BL 0 .39L 0.29 40 H 2.7L !i.ti 11.3(j 0.:31 0571.. :3.4 HA 0 .07L 
5.7 33 2.5 27 4.3 L 0 .90L 0.83 80 8.4 6.2 L l :J 1.3 U.:38 I.:l I. 20 2!1 0.24 
4 .6 5.8 0.08 3.1 2.0L 0.4 l L 0.2 1 100 H 2.9L 18 U.20L 0.3fi 0.hlL 2.8 1.8 0 .09 
:J. l 22 1.4 IO 2.5L 0.5:JL 0.40 180 7.2 3.71. 5.:J 0.(i:J U.20 0 .78L G.5 It) 0 .16 
9.0 14 1.:1 4.8 2.6L 0.54L O.:JO 250 7'!, :J8L 12 049 0.2 1 0 .80L 7.:J :J.5 0.08 
8.3 20 0.49 8.0 2.2L 0.4HL 0.31 50 15 :J.2L l:.i o.:J8 0.2 1 0.69L 3 .2 5.7 O.o7 
4.1 16 0 .30 4.9 2.0L 0.42L 0.20 20 11 2.9L 19 0 .3f> 0.3:1 0.6:lL 1.9 4.0 0.05 
5.6 14 0.55 12 2. I L 0.43L o.:J4 50 6.6 3.0L 12 0.46 0.38 0.64L 4 .9 8.0 0.13 
5.2 l6 0.62 8.3 I.SL 0.381. o .:J6 80 7.0 2.7L 17 0.40 020 O.!°lOL 4.4 6.4 0. 16 
4 .0 24 0.56 II 1.9[, 0.40L 0.25 60 A.6 3.0 3.7 0.58 0.31 O.lili 4.1 1:1 0 .08 
28 90 0.59 29 6.4L 1.3 L 0.50 70 27 9.:JL 2.11 2.4 0 .4:1 2.0 L 12 G3 0.18 
17 32 2.0 L ll 3. IL 0 .64L 3.0 I. 40 H 4.4L 28 1.0 I, 0.49 0.951. 3. 1 2il 0.06 
2.2 7.4 0 .10 4.5 l.2L 0.26L 0.21 40 11 1.8 4.0 0.20 020 Q.:J8L 5.2 2.2 0 .07 
1.7 8.1 0 .29 7.H l.9L 0.40L 0.19 40 11 2.8L 20 ().:l2 0.27 0.59L 2.:1 4. 1 0.15 
12 29 0.50 18 3.4L 2.0 O.n9 150 7.2 3A 5.2 1.2 O.:lO 1.0 L 14 12 0.17 
3.7 25 035 15 2.2 L 0.4tiL 0:11 t60 73 55 2.5 0 .40 0. 17 0.67L 8fi IH 008 
Mn \1o :-lh Nd Ni I' Pb l'r Rb Sb Sc Se Sm Sn 
ppm ppm ppm ppm pµm ppm ppm ppm ppm pµm ppm ppm ppm ppm 
\\A ,: ,.; E ,; xw WA E NA NA .NA NA -NA E 
7.4 1.8 1.8 12 2!l 441. n.5 18 !WL 2.4 5.8 5.3 20 O.!,OL 
lfi 4 Ii I.I 2.81. l !J 44L l :J 8.8L 20 L 0.82 2.6 1.2 0.79 11 
l'l 2.:J I.I 4.G 8.0 441. :J.U .9L 12 0.47 3.:J 1.6 1.3 0.4 1L 
!t:J 14 I.!) 5.0L 23 70 14 16 L 20 !, 3.4 3.3 3.6 1.6 0.7 1L 
17 :J.2 1.7 :J.fiL l5 7 2.:J II L 12 0.20 :J.O 2.8 i.;J 11 
24 l.J 2.7 f>. JL ll 44L 4.7 u; L 18 0.20 3.il 4.9 l.:J 0.7:lL 
l!l ;15 :l.l 58 :!O 44L (i.9 15 L 21 1.9 6.5 IO 2.1 2.0 
26 II II 34 29 210 2:1 19 :;o L 1.2 S,:J 12 3. H 
4fi !-JA 4 f) 19 :lt 92 14 2:J L 35 0.74 7. 9.5 2.1 I.I L 
211 :!.ti H.!) 10 17 441. u.o I L 30 L 0.2:J (; 9 5.8 2.6 1.9 
14 2.G 2!\ 4!) lfi 61 2:1 fi7 L 50 L 0.60 IO 9.3 , !\.6 6.2 
IH 69 ~-1 4.41. 29 92 5.5 14 L 20 L 0.45 1.3 1.0 0.70 H 
•l.fi 0.!'):l 1.2 ,1.0 9.:l 44L 74 6 .2L 20 L 0.23 2.9 2.9 1.2 0.29L 
P:1 1.1 4 r~ 10 L 18 ~41. 7. 1 32 L 30 L 0.26 2.1 0.90 0.78 1.5 L 
lfl 2.2 Ul (i.OL 12 44L !5.6 19 L 27 0.28 4 .2 5.5 1.4 0.86L 
17 17 :1.7 12 2fi 44L to 22 L 27 0.7fi 6 .0 5.8 1.8 2.0 
20 II 2.7 ll 14 44L 5,2 I I L 40 L 0 .35 3.:J 4 .0 l I II 
1:1 4 I 2. 1 G.G 15 44L n. 14 L 1:J 0.99 :J 8 3 .7 1.5 O.G4 L 
19 1.7 :HJ 12 21 170 II 22 L 29 1.:J 6.4 2.7 2 .4 0.99L 
7:) 8.ti LH w ;JJ 610 II 20 L 27 1.9 8.7 4 .9 4.7 0.94L 
14 1.2 I ti :!.21. II 7H 90 10 L 20 L 0 .97 3 2 3.!l J.;J 0 .92 
81 II a.r. 1:; 19 44L 5.3 18 L 50 L 0,(i2 4.5 2.!l 1.8 0.8 1L 
5.2 l :J ~.o li.8 20 44L 8. t 8.9L :30 I. O.Ji4 30 2.4 0.9 1 0.4JL 
70 II 2.(\ 9 .13 19 441. 8. 1 16 L 40 I. o.:Js 4. 1 2.1 1.4 11 
10 ;J;J 7.1 20 2:1 44L t i, 24 L 18 1.2 8.6 ll 2.3 3.5 
JO II 1.7 !-14 JO 4-11, 2.1 7.2L IO L 0 .29 3.2 I.I 0.96 If 
:1:1 1.:1 :;.o w 28 44L 12 28 L :m I.I b. l 2.6 ~.4 1.:1 L 
fr:) 1:J I.~) ~4 :10 74 7.8 ,o L 1:J 44 5!l 2.3 2.9 0.96 
4 l 18 fi.H 17 25 441, 9.6 13 L IO O.i:l 5.2 9.8 2.4 1.6 
7.:l 12 I.I !\.! 24 48 II 8.3L 9.0 2.9 2.0 0.90 0.75 0 .38L 
:1:1 II :i.:i !J.;J 17 57 :J. I 14 L 9.0 U.64 4.fl 7.7 1.8 H 
47 !i.-1 :1. 1 1:J 2:J 87 15 21 L 40 L U i 5.2 3.7 2.6 0 .95L 
:P> H :t:) 14 19 :)70 7.0 ) :j L 40 I, 1.:J 2. 2.0 1.3 II 
6.8 14 1.9 14 57 2:10 lf> 9.0L 10 :J.9 2.9 l.(i 1.4 0.84 
I:! II :1,7 r;,o 20 44 2:1 16 L 10 L 0 .91! 2.2 :J.:l 0.% H 
211 !J.tj 2.2 :).6 14 r,7 21 8.7L 5.0 1.4 2.8 5.7 0.94 0.40L 
;J.:l ')ti 1.:1 2.7 J!) 19/l II 5.7L Iii 3. 1 4.2 1.3 2.0 0 .2<JL 
IH II l.7 !j,:l 28 l(Kl 29 9.!JL 10 L ~ .() 1.9 4 .1 1.2 H 
:l.8 II I.~ 9.6 :J3 2:JO ;J:J IO L 40 L :J,(j 2.6 1.5 1.5 H 
);) :J.(i 2.-l 17 12 170 8.5 22 19 I 4 4 ,ll 2.4 Ul 0.99 
7.8 fi.8 2.4 20 :37 250 JI I ll 2 .6 5.0 29 2.2 0.95 
!i.:J 47 2.0 20 6!) J!j() 19 12 L 21 8.3 4 .:1 I,!; I.H 0.84 
fJ.O II 1.7 7.(il. 24 79 6.:J II L 10 l.l 2.2 l.!i I.I II 
H.:l l.fi 1.:i 8.7 25 44 1. R.:J 9.3L H.0 0,5:1 2.<l 1.9 l.!'i 0.4:ll. 
fl 2 ti.:J 1.7 5.7 J:J 44L 9.2 7.7L JO L 1.0 2.0 :l .7 1.0 O.:Ji;L 
II '2..7 1.8 22 2 1 70 '. tH I ~ 14 08:) 47 :1 0 :!:J I ti 
;17 2.!; 2.2 l(i II ltKl fi,J H.11. 9 11L ri.n 2.!") ~2 I I 11.81 
2:3 2.2 1.6 7.8L 12 JOO II 12 L 12 om• :1.n :J.i 1.:J 1),5:11, 
411 8. 1 2.7 1:1 18 170 11 2ti 1:J U.HU 4.2 4 .7 2.:l JI 
:-.,7 1.0 2.7 IH J!) 441. 211 14 L 40 1.7 {). 5 2. 1 l .2 O.H4L 
t:t 1:1 2.fi !-!.: I In 441. 20 23 2 1 0.:15 4.0 6.fi 1 2 U.7fil. 
.\2 ll :L~I 44L 12 48 14 9.5L 20 L 1.0 4 .0 6.1 u; H 
J;j ,rn I.a n. 1 15 44L 7.2 7.7 9 .0L 3.0 3.2 6.5 I.I 0.25L 
:!fi 7 7 2.2 12 25 44 20 15 9.0 1.5 5.5 3.4 2.0 0.64 L 
4 Hi ~Ui 41 51 400 20 4 1 2() I. I!; 70 ~.:i 4/l H 
lli II 'l.li IY 17 190 6.9 17 L uu 0.17 4. 1 4.0 2.2 II 
l '. l II "!..7 :10 3!\ 540 4.9 12 L 12 L 0.1 l 3.:J 2.1 ti.2 H 
Htl II 1.4 9.4 II 44L 4.5 7.2L IO L 0.12 2.3 2. 1 lHMl 11 
41 IO t; .fi :a 20 180 42 39 25 0.71 5.8 5.4 25 4 .2 
h.4 ll.!11 2.() 20 48 44L I ;J 15 L 24 0 .9<i 5.9 2.5 2.3 1.2 
19 II 1.5 II 1:1 74 12 9.7 17 L 0.19 2.8 6.5 1.2 11 
39 2.8 I.H 12 II IUO :J.I II L 17 I, 0.22 3.fi 3.1 1.4 0.85 
23 II 4, 1 29 l :J 140 4.7 t8 :JO L o.:JG :u; 2.7 4.2 0.70L 
:l.:) ;J. f, '2.7 12 17 44L l(j 8.3L 15 1.:1 3.2 2.8 1.5 0 .70 
2-1 4 .~ 2.4 6.:l 14 (i(i 7.4 14 L 1:1 o.u G.8 G.2 J.!) l.!j 
:m 70 2.1 4.91. 50 44 L 4.7 15 L ;JO L 0.i5 ;).!) fi.4 1.5 2.6 
J:J :JA 2 1 16L II 44 I.Ii 14 L 20 L 0.lfi :3.8 3.8 1.:1 0.84 
!)Ii I.ti 4.1 12 39 44L 14 14 L 1:1 1.5 4.5 5.7 1.6 1.0 
48 II 2.H 8.(\1. 33 44L 9.4 13 L 10 L 0.1;3 2.6 2.7 0.88 II 
(i4 2.7 :l.F, 19 15 70 13 27 L 42 0.58 7.0 .6 2 .4 1.2 L 
l!l II 29 8.4 15 44L :J.3 12 L 7.0 0.78 3.7 4.7 1.4 H 
24 II 2.4 9.2 35 44L 15 16 L 20 L 2.7 3.2 4.4 1.3 H 
1;J II 1.2 5.7 ll 44L :J.6 6.7L 9.0L 0.60 2.3 3.0 1.0 H 
7. 1 In :1.4 !, :JO 44L 15 25 L 32 0.68 9.5 8.7 4.8 2.7 
2:1 :J.4 20 50 29 6 1 :io 45 L 48 0.9fi 19 28 5.4 5.4 
Ii.I G.I 5.!3 14 37 44L 15 20 L 2G 2.0 8.2 5.1 1.9 0 .90L 
Iii 1.~ 2.9 8.!'; 10 44 2.9 2 1 L 26 0.2 1 5.7 5.3 1.7 0.95L 
I !J 1.2 l,(j Jf, IJ ;Jr,() 5.6 14 20 L 0.:,5 3.6 2.4 2.1 0.44 L 
9!l II 2.8 II 18 96 3.3 18 L 27 0.62 4 .2 2.6 1.6 0.85L 
26 4 .ll ~.l 9.9 21 44l. ti.Ii l(i 24 0 .:12 5.8 7.8 2.5 2.4 
•Ii 1.7 2.7 12 12 44 Iii 22 22 0.22 4 .8 4.2 1.9 1.4 
40 II 1.ll 4.0L II 44L 20 I :l L 9.6 0,60 2.fi 2.0 0,9 1 H 
r,7 RH 4./:1 17 21 70 1/j J!l I. 2ti 0.40 r:_5 5.5 1.8 4.4 
4 .:J ·1 fi 1.2 u.7 33 44L ZG 9.SL 29 L I.'.) 3.9 4 .5 1.2 0.44L 
JO II 1.9 8. 1 12 441. 4.(i 9.2L 9 .0L 0.2:1 2.7 2.2 0.99 H 
1:1 II 1.7 8.5 8.9 44[, 2.!> 8.9L I L 0.2fi 2:J 2.4 l.:J 11 
UK> !\.4 2.9 22 3:J 190 :l J 22 L I !\ 2.4 5.0 2.8 2.7 2.7 
20 ~JJ :J.4 l:J 1:1 150 9.4 17 L 14 1.2 4 .:J :t.O 1.9 l.l 
:11; 7.0 2.7 22 22 440 7.G 16 L 19 0.83 3.5 2.5 2.2 0.72L 
68 5.4 1.8 19 L 19 !ill 7.:J 13 L 8.5 l.5 2.2 2.0 0.96 0.58L 
74 II 2.0 9.fiL 15 170 4 .2 14 L l4 0.45 1.9 ;J.4 0.90 H 
!l!l H 2.2 12 18 44L 7.2 9.9L 11 L 0.26 3. 1 2.2 1.6 JI 
16 fi.f, 4.9 20 52 44L l fi 18 L 18 1.3 II 6.4 2.:1 1.6 
:J2 12 :i l l fi IR 48 fi.O 19 26 0.51i 43 3.9 2.0 0.75L 
~9 JI :J.5 14 19 110 2.:J 21 L 24 0.42 4 .6 4.2 2.6 11 
27 11 :J.2 I I 45 44L :JO 15 L 15 L 0.62 3.2 2.2 1.7 H 
l:J II 2.5 5.8 12 44L 9. 1 II L II 0.63 3.3 2.4 I.I H 
n 12 4.2 15 2 1 44 8.5 18 L 2:J 0.40 6. 1 5.5 1.7 1.6 
28 II 24 3.!lL 57 w 18 12 L 20 L 0 .72 4.1 4.6 1.2 H 
24 II 2.2 ll 21 441, 2.1 lG L 12 0.19 3.0 3.9 1.2 H 
l !i 11 1.8 6.U 13 430 3.9 II L ti 0.90 3.1 1.5 I.I 11 
32 :l(; 2.7 25 66 44 19 12 14 2.9 6.3 5.8 2.3 O.li8L 
4 .1 II 1.:1 7.0 17 S:J 7.0 6.4L 30 L 0.82 2.4 2.0 0.86 H 
59 77 44 23 19 l tiO 18 18 L 60 L 1.5 4.3 1.5 2.0 0 .RI L 
ll II 5.0 2 1 18 540 12 18 30 L I I 2.7 3.3 1.4 H 
17 1.7 :111 751 l '.l ltKI 4 .:J 14 L 20 L 0 .29 :l.6 :J.6 1.4 0.66L 
47 H 1.3 6.H 7. 1 tll 1.6 II L 5.0 0.3 , 3.0 4.0 I.I H 
24 :J4 1.7 22 34 JOO (i.(i s.a SOL 11.21 2.1 ;).;) 1.2 0 .69 
2b II 1.3 7.2 35 44L 2.1 !l.2L 30 L 0.40 1.8 1.8 1.0 11 
II II 1.6 6.2 12 441, 7 .0 8.4L 30 L 0.69 2.8 2.3 0.95 H 
l!l l.:l :1.7 23 17 140 7.4 20 L 23 0.-1:1 6.7 4.3 3. 1 0.98 
Hi II 1.5 6.0 24 44L 8.6 9.0 L JO L l.l 1.6 I.I 0.76 11 
14 4.:J :i.o t5 13 441. 6.2 l2 L !fl o.:39 3.6 2.8 I.ti 1.2 
40 :l.8 1.9 13 27 1,800 IO 15 17 2.4 2.7 0 .80 1.2 l.l 
27 8.0 1.8 9.9 45 441. 6 .6 10 L 7JJ 0.33 4.4 5.0 13 1.7 
2fi II 1.8 7.4 21 44L JG 9.2L 9.0L 0.61 ;3.3 4.4 0.84 11 
14 :1.2 1.:1 4.5 22 '44L 6.0 9.4L 30 L 0.39 3.3 2.G 1.2 1.4 
1:J r,.4 1.9 9 .1 30 44[. 2.8 8.3L 6.0 0.34 3.8 2.0 1.3 1.7 
R.6 4.0 2.2 12 17 441, fi,9 8.7L 40 L 0.18 4.1 4.8 l.l 1.9 
12 1.9 5.:) 9.:)1, 50 44L 35 29 L 40 L 0.64 14 17 1.8 3.8 
22 II 2.8 4.4 1. 43 44L 14 14 L 40 L 0.23 6,0 10 L 0.73 11 
9.0 II 1.:1 6.7 22 48 1.9 5.6L 8 .0L 0 .15 1.9 5.4 U.9 1 H 
;J;J H l.fj 2.8L 9.6 44L 3.7 8 .7L 10 L 0.24 2.6 2.3 0.79 H 
17 1.:) 5.7 14 43 61 20 10 L 20 L 1.3 5.6 14 2.3 0.70L 
20 2.0 1.4 7.8 9 .9 3 10 9.9 ll 20 L 0.10 5.1 6.5 1.2 0.46L 
Sr Ta ·n, Th 
ppm ppm ppm ppm 
E "IA NA NA 
49 0 24 0 .:J8 2.!J 
19 0 .080 O. IG 0.96 
24 015 O.:JO 1.8 
l!\O 0. 1:J 026 2. 1 
35 0. l fi 0.25 1.7 
110 ll .21 0 2(; 4.0 
42 O:J!I 0.38 4.4 
200 om 0 !\8 7.:J 
H2 0.4fl 0.40 4.9 
76 tl.39 0.42 4.9 
120 Ui 1.2 94 
19 0.070L 0.19 o.r,4 
12 0.27 0.22 2.G 
13 0. 11 0 .:11 I.I 
47 0.30 0.24 2A 
140 o .:Jn O.:Jfi :1,8 
4,1 0 1/J 0 .:10 2 .0 
a:} 0 .24 0.17 :l,!J 
110 0.4 I 0.60 4 ,7 
2W 0 .24 0.78 5.6 
:11 0. 19 o.:ir, 2 1 
(i/l 0 .24 0.44 3.1 
:J I O.li 0.26 1.9 
r,7 0.22 0.3 7 2 •) 
,19 0.7fi 0.45 8.0 
2fl 0. 12 0.19 1.4 
74 o.:l4 IJ.41i 4.f) 
8n (l_l(j 0.44 :1:i 
40 0.49 0.45 5.0 
25 0. 14 0.19 1.4 
110 0.2:1 0.:)9 2.3 
48 0.30 0 .4 ~ 4.:l 
!l3 0.19 0.2H 1.9 
79 JJ.l ;J o.:l4 I.Ii 
55 0.17 0.28 I.fl 
4;3 tl .2 1 0.2 1 2.0 
38 0.29 0.43 2.:J 
41') 0 .14 0 .:) 1 I.:J 
Ji3 0 .14 0 41 1.:J 
!:JO 0 .22 0.21 ;)9 
l~O 0 .14 0.:JO :J.I 
r>.i ti 18 o.:J4 :l.:! 
:17 0. 11; 0 .2!) I.ti 
1"1() tl.l:l 0 .:10 1.8 
•2 tiltt 0 .21 I 7 
h7 0 .2 1 o .:m II I 
~7 0 J!l Oli 1.7 
:J7 o :w 0 ;l() 2.8 
85 0 17 0 .90 ~.r, 
n:J 11.24 0 .45 4.fJ 
fi2 0 .27 O.:Jl 2.7 
50 0 .12 054 U) 
20 0.090 0 .34 1.4 
6 0.23 0.58 4.1 
820 0 lfi I :l 2 f, 
170 o.:t~ 0.4 7 ~.r) 
:JOO 0.1 l l.l l,I 
tiO 00:">H ().18 0 .84 
140 0.:11 o.:l9 4.1 
41 0.25 024 3.1 
:17 0 .12 0 19 1.5 
H:! 11.on:J 0.2 1 I.ti 
46 0,2!; 0.50 2.4 
3:J 0.22 0.18 2.2 
8fi 1128 0 .27 ;3.4 
2H 0.19 0.4 1 2.6 
;37 0.19 0.25 2. 1 
53 0.4:J 0 .28 3.9 
3(i 0.11 0 .22 1.2 
56 0.4:J 0.45 4 .7 
40 0.2:J 0 .29 2.1 
27 O. Ui 0.37 1.9 
40 U.09:J 0 .17 0 .72 
42 (l,:J6 0.00 5.7 
100 1.7 1.0 l!l 
57 0.44 0.46 .u ; (i() O.:JG 0.,12 4.1 
84 0.2:1 0.51 2.!l 
63 0.25 0.42 2.7 
5!) 0.2:J o.:m :rn 
78 0.2 1 0.2:1 2.8 
28 0.11 0 .14 1.2 
72 11.:12 0 .20 :J,!l 
:t:l (I Iii 0.17 2.0 
4~ 0.1 l 0.19 1.5 
28 0 .1 l 0.21 I.I 
190 0.22 0.:15 2.7 
!-J:J 0 .27 0.25 2.8 
140 0.18 0.28 2.1 
11 0 0. 14 0.089 l.{j 
70 0.09Ji 0.09:1 1.3 
36 0 .1 t 0 .23 1.4 
<lO 0 .46 O.ti2 5.6 
75 0 .2:1 0 .35 2.8 
82 027 0.54 :I. I 
48 0.12 0.23 1.0 
:J2 O. l fi 0.27 1.5 
f-i;) 0.40 0.35 4.1 
27 0 .15 0.43 1.6 
55 0 .15 0 .24 1.7 
28 0 .14 o .:J2 1.4 
44 tl .1 7 0.4G 3.0 
:J6 0 11 0. 17 1.2 
2 10 0.: 11 0 .58 2.9 
3 10 017 O.:J2 1.8 
84 0.2!1 0.24 2.7 
73 0.12 0 .22 1.3 
260 0. 12 0 .2 1 I.I 
27 0.20 L 0 .54 0 .90 
25 0.1:J 0 .28 1.7 
120 049 0.66 4.7 
35 0.050 0.19 0.47 
41 0.24 0,;J2 2.6 
54 0 .16 0. 19 1.7 
4 2 0 .000 0.25 1.9 
3(; 0.080 0.13 1.5 
2:1 0.17 0.:14 1.8 
25 0.15 0.29 1.9 
5 1 0 .12 0.27 2.4 
l 7 0,78 0.3H 9.7 
4l 1.0 L 0.70 L 2.7 
52 0 .077 0.16 1.0 
30 0 .10 0.28 0.95 
50 0.47 0.53 5.0 
200 0 .095 0.29 3.2 
OHIO DIVISION OF GEOLOGICAL SURVEY 
l FORMATION CIRCULAR NO. 55 
TABLE5 
Tl I} V w y Yb Z11 Zr 
ppm ppm ppm ppm ppm ppm ppm ppm 
,; NA E NA E NA WA E 
. I.~ L l.l 29 1.2 7.8 1.2 14 17 
0.88L 043 86 0.72 4.2 0.91 77 II 
0.891. 0.98 J(i 0 ;,8 6.5 l.l 12 12 
14 1.2 19 0.61 10 0.98 · 64 16 
I.I L I.I lfi 0.42 6.0 0.84 18 15 
l.h L 3 .7 28 1.7 7/J u.no 7.fi 22 
1.5 L 1.4 25 1.3 7.2 I.:! 22 19 
I.I L 2. 1 :JS l 5 15 l fj 12 74 
2.:J L 8.3 50 1.0 ll 1.3 1G 34 
1.8 L 2.6 3. 1.1 9.3 l.l 9 .3 37 
57 L :J.4 7fl 1.8 2;J 4 ;J 6.8 44 1) 
1.4 L 0 .39 7.6 0.62 10 1.2 29 II 
0.62L 5 .9 13 0.5!\ 2.4 0.94 8.7 6.8 
3.2 L I.I 1:l 0.34 IO 0.73 12 3 1 
l.D L 4 . 22 0.68 5.8 1.0 12 17 
22 L :19 ;15 0.80 19 1.4 28 22 
l l L 2 .7 20 0 .70L 8.8 O.!l4 25 lfi 
1.4 L 1.7 2 1 0.7:J ;l,9 1.0 24 17 
2.2 L 6,5 '.l7 0.60 U.7 l.(j 26 22 
2.0 I. !l.3 63 0 .82 20 2.7 39 24 
IO J. 2 1 14 0.72 :J.4 J.;J ;35 8.7 
1.8 L '.J,9 !32 0 .70 I :l 1.4 21 2 1 
0.89L 0.(i4 14 0.90L fi3 0 74 19 12 
1.6 L 1.2 20 0.62 13 1.4 ~4 22 
2.4 I. 3.2 45 I.I 9./i 1.7 7.fi 35 
0.72 L 0.73 15 0.61 7.2 0.80 8.6 12 
l .8 I. 1.9 41 l.l 1:J I 7 :JO 13 
l O L 2.2 :J!J 1.2 12 l:) 2 1 lli 
l :J L 1.3 2H 0.6:J 12 I.Ii 44 21i 
0.8:ll, 0.58 14 0.70 4.7 o.r,:1 17 12 
1.4 L 2.0 23 l.G 1:J I.I 26 I!) 
2.1 L 2.0 :1:J 0.66 6.4 1.:1 3:l 21 
1.r, L 0.84 18 0 .80 (j_7 0.7G 18 14 
O.!lOL 0.62 15 1.4 7.6 0.90 !lO 1:1 
1.6 L 0.4:l 20 0.71 12 0.8i 2fi 20 
0.87L 0.65 17 0 .79 4.8 0 ,72 lfi 1:J 
0.57L 0.79 9. 1 1.2 4 11 1 2 ti8 74 
0.9!il, 0.6 1 II 0.91 7.H 0.fi(i !;2 9.5 
1.0 L 0.5 1 IO 1.6 7.:) O.i8 !\8 fl() 
1.7 L 2.0 ;34 0.7fi 7.7 ()!)5 IHI 16 
1.2 L 2.0 4 :3 0.63 !l.8 I.:! 18 Iii 
UL 1.7 :W 1.9 !l.4 I :1 41 2 1 
I.I J. tJ.til 15 060 fi.:i OOH :14 II 
0.9:IL OAG I!\ 0.77 7.:) ll.87 l!I II 
tl.77L O.M 12 1.0 H.2 0.71 II 12 
I 2 I. lh :lti 0.47 fi.!i llf )Ji lfl l it 
0.H!i. O.liH IP 11 r,o I :'1.'l fl.HI !",,;-, 1'l 1.2 L 0.84 !ri ()fi!) 4 <) O.H~ :3;1 12 
I ~ L :l.l 27 0.!>0 18 :!.:! 24 20 
:!.O I.. 1.9 ; I}) O.!)O 11 I.fl :!~ :!(I 
1.6 L 1.9 25 0 .65 9.2 0.8!) 2'.J IH 
1.4 L 2.0 2{i 0.80 t :J I.!-! 15 14 
0 .55L 0 .76 17 0.60 9.9 1.0 10 9.4 
1.4 I, 3.9 32 1.0 13 1.7 31\ 21 
2 Ii L :i 4 ;Jf, OP? :li 2.ll 71 4f> 
1.7 L 2.:1 :!I 1.0 L l!J 1.4 !!) 24 
1.2 L l.fi 18 1.0 L 27 2.:l ;ir, 2:1 
o.nL 1.2 12 1.0 J. fi.8 tl.(i:t JI) 8H 
2.fi L 5.0 :Iii 0.8ti l fi 1.:, 2fi0 4 2 
l .G I .. 1.2 :12 1.2 7.8 0.!17 41 22 
0.8 1L 12 ID 1.0 7.4 0.74 9.7 18 
I.I L :J.7 19 0.63 n.:) O.fl2 l !i 17 
1.5 L 1.5 18 1.0 14 l.fi :i5 38 
0.8'.IL 0.7'.l 18 0.56 fi.:J 0 .7(i 12 21 
1.4 L II :JR I.I 7.2 1.0 17 17 
1.5 L II 18 0 .86 (i.7 l.H f,:j II 
1.4 L 2.5 14 0.59 :3.7 I.ti 50 7.7 
1.4 L I.I 27 I.I 9.6 0 .80 26 :ll 
1.3 L 9 .2 18 0 .39 8.:J 0.87 20 IR 
2.7 L ;3.7 :12 0.7 1 6.9 1.:, 23 2:) 
1.2 L 8.8 19 0.66 9.8 I.I 1:J 20 
1.6 L 1.5 2 1 0.50 IO (l.fl;J 2:J 24 
0.67L 0 .83 8.0 0.41 5.4 o.no Ii fi.4 
2.5 L :J,:J 74 I.I ;J2 4 .7 54 ao 
4.5 J. 12 HG 2.0 24 ~.II 1:1 120 
2.0 L ll.8 4 1 I. I 14 i.n 240 :37 
2. 1 L 2.0 2 1 O.G!i 7.0 J.:l 13 19 
0 . (iL 2.9 16 0.(iO 9.!) I.I fl.4 14 
1.8 L 13 26 l.l 15 1.4 18 22 
l H L 24 26 1.0 9.0 1.4 18 l!l 
1.8 L 1.8 25 0.6(i 8.0 0 Jl4 58 24 
1.:J J. (i5 14 0 .77 4 .8 O.(i4 81 8.!"i 
1.9 L s.r, :)6 0 .98 8 .2 0.!-)5 Iii :12 
0.95L 0 .79 2fl 0 .8(i 8.1 1.0 90 10 
0 .92L 2. 1 17 1.0 L 7.2 O.(i4 17 12 
0 .89L 2.2 12 0.44 6.9 o.r;n 12 15 
2.2 L 2 1 29 :).O L 16 1.:1 21 25 
1.7 L 2.4 2ti I.I JO I.I 15 29 
Ui L 0.59 20 I.I 13 1.2 15 30 
1.3 L 1.9 18 0.80 L 6.4 0.52 9.7 20 
1.4 L 3.1 14 1.0 4.3 0.411 2fi t li 
0 .9Hl, 1.7 Iii 0.58 9.8 0 .88 12 II 
1.8 I. II 62 0.94 14 1.4 81 :J;J 
1.1; L 5.8 29 0.70 II l.l 29 26 
2.1 L 3.7 29 1.0 15 I.S 27 29 
1.5 L 1.3 13 2.0 L 9.8 0 .82 160 8.:J 
I.I L 1.4 16 1.0 L !l.4 0 .9ti Rfi I S 
1.8 L 9.7 4fi 0.98 9 .0 0 .99 18 28 
1.2 L 6.7 20 0.77 9.4 1.4 28 17 
1.5 L 1.2 18 0.66 7.0 0 .80 M lf> 
I.I L 0.60 19 0.78 7.9 0.81 19 l fi 
1.3 L 1.3 :13 1.7 12 1.2 32 18 
O.ti4L 0.70 13 0.67 4.2 0 .34 10 9 .0 
1.8 L 1.4 ;JO 0.70 17 1.5 32 :)5 
I.I L 0.78 22 0.80 l :J 0 .76 15 5fi 
1.4 L 0 .72 2 1 0.70 5.G 0 .79 II 17 
l.l L 0 .80 15 1.4 8.3 0 .73 5.2 10 
0.69L 1.9 26 0.59 12 O.!i7 6.9 15 
0.92L 1.6 7.9 0.80 9.1 1.4 2 1 12 
0 .84L 5.9 15 0.69 6.7 · 0 .86 17 13 
2.0 L 2.6 35 0.96 14 2.1 19 27 
0.90L 1.5 7.4 0.81 6.4 0 .71 7.8 5 .1 
1.2 L 1.6 2 1 I.I IO 1.2 2 1 18 
1.2 L 0.84 17 1.9 8.7 0.68 ta 17 
1.0 L IO 3 1 I.I 8 .3 0.88 32 15 
II 4. 1 17 0 .99 4.9 0.48 27 15 
0.94L 1.3 12 1.2 4 .9 1.2 23 8 .7 
0.8:JL 1.5 19 1.3 8.0 1.2 26 12 
0.87L 2.8 3 1 0 .55 8.6 0 .54 24 23 
2.9 L 3.5 61 0.80 5.0 1.8 38 27 
1.4 L 1.4 38 0.71 8.3 0.77 68 29 
0.56L 0.55 9 .0 I.I 5.6 0.16 7.8 7.3 
0.87L 1.8 13 0 .61 10 l.l 36 12 
1.5 L 2.0 29 0.90 9.9 1.3 8.6 28 
0 .99L 1.7 36 0.75 6. 1 0.65 II 14 
DGS Si Al Ca Mg Na K Fe Ti Ag A,; Au B Ba Be Bi Ur Cd Ce Cl 
County Townsh ip file % ~. % % l, X "o '\, ppm ppm ppm ppm ppm µpm ppm ppm ppm ppm ppm 
no. XA XA XA WA WA XA XA XA E NA E E E . I,; I,; NA WA 'JA xw 
SHARON (NO. 1) COAL 
Jackson I Bloomfield 1005 2.5 2.1 0.061 0.044 0.057 0.17 1.2 0.083 0.22 50 0.86L 44 :J3 4.7 I.:JL 14 0.[3 29 940 
QUAKERTOWN (NO. 2)? COAL 
Belmont 
I 
Kirkwood 1409 3.3 1.1 0.29 0.035 O,O;l(i 0.13 2.8 0.13 0.070 64 0.99L 58 32 1.9 1.5 1.. 47 0.026 27 2,JOO 
1431 2.1 1.3 0.080 0.009 0.023 0.051 2.0 0.20 0.12 81 0.75L 45 44 :l.6 I.IL ijfj 0.035 64 2,200 
Guernsey Londonderry 1470 3.6 1.8 0.070 0.067 0.054 0.28 1.0 0.16 0.072 12 0.97L 61 f>O 4.7 1.4L 47 0.057 [6 2,000 
Spencer l500 1.9 1.4 0.080 0.041 0.06;! 0.18 l.3 0.062 (J.086 41 0.65L 51 23 3. 1 I.OL 67 017 8.8 3,3/Xl 
BEDFORD COAL 
Guernsey I Ox fo rd 1454 12 6.2 0.19 0.20 0.20 1.0 1.5 O.fi6 0.17 4.6 3.1 L 100 1:10 5.9 4.fil. ~(! 0.045 90 7(;() 
BROOKVIUE (NO. 4) COAL 
Belmont York 1414 5.0 3.2 0.10 0.087 0.080 0.40 3.0 0.36 0.12 61 l.6 L 47 52 2.4 2.4L 24 0.038 35 840 
Guernsey Jefferson 1476 3.1 J.8 0.53 0.050 0.049 0.20 0.00 0.12 0.096 3.4 0.95L 72 260 3.3 1.4L 39 0.072 15 2,100 
Oxford 1461 4.3 2.4 0.32 0.13 0.10 0.43 2.1 0.16 0.11 13 1.3 L 73 71 3.9 2.0l. 27 I.I 24 1.5()0 
Washington 1473 4.6 2.6 0.17 0.092 0.060 0.35 0.72 0.18 0. 11 9.1 l.2 L 92 94 4.9 I.SL 2(1 0.24 21 1,:300 
Wills 1479 4.2 2.6 0.25 0.087 0.062 0.35 1.0 0.16 0.080 5.0 1.2 L 74 110 2.8 I.SL 35 0.092 19 1,800 
Stark Pike 1418 2.2 1.5 0.23 0.076 0.041 0.17 0.72 0.053 0.085 :J.7 0.69L 9 [ 25 2.8 l.OL 29 U.20 9:J l,6(X) 
1434 1.1 0.72 0.15 0.028 0.027 0.056 3.0 0.037 0. 1 l 9.7 0.63L 64 26 2.4 0.9L 20 0.08!; 5,8 8~0 
Sandy 1424 1.9 1.4 0.20 0.036 0.046 0.11 0.43 0.058 0.061 1.8 0.59L 63 34 2.4 0.9L 26 0.070 9.5 l,l(XI 
1424-1 5.7 4.8 0. 11 0.015 0.020 0.11 3. l 0.30 0.14 JO 2.0 L 82 22 2.7 2.9L 0.2 0.093 21 120 
1424-2 1.9 1.6 O.JJ 0.024 0.021 0.068 3.9 0.058 0.12 5.7 0.95L 8 1 35 2.9 l.4L 29 0.14 4.0 1,200 
Vinton Knox 1002 3.5 2.2 0.087 0.023 0.061 0.12 1.3 0.18 0.083 7.2 1.0 L 76 29 2.8 l.5L 14 0.086 27 720 
CLARION (NO. 4A) COAL 
Belmont Goshen 1405 2.7 1.8 0.13 0.053 0,043 0.20 1.9 0.10 0.070 27 0.88L 55 130 2.6 1.:!L 28 0.0'.36 21 1/iOO 
Kirkwood 1408 4.9 2.7 0.28 0.12 O.Ofi9 0.50 2.6 0.19 0.087 16 1.6 L 69 44 :12 2.3L 2 1 0.1:J 23 1.200 
1430 4.1 2.8 0.16 0.051 0Ni6 0.20 I.I 0.19 0.14 2.8 1.2 L 86 170 3.0 J.8L 22 0.018 :34 1,400 
1430-1 20 5.4 0.12 0.051 0.079 0.62 I.I 0.70 0.2 [ 6.7 3.8 L 85 120 4.9 5.7L l;J 0.057 67 380 
Gallia Pe rry 1008 2.8 1.7 0.28 0.070 0.062 0.26 ;J,5 0.097 0.077 50 LI L 75 43 a.3 1.61, 14 0.1 I J;J 920 
Raccoon 1003 2.4 l.6 0.099 0.017 0.035 0.15 3.4 0.077 0.14 60 0.95L 130 21 7.4 1.4L 4.6 0.028 14 2811 
1004 3.3 3.5 0.30 0.018 0.069 0 .064 6.8 0.043 0.099 6 1 2.0 82 74 4.8 2.6L 18 0.31 3 1 1,000 
Vinlon Knox 1001 l.7 1.6 0.20 O.QJ8 0.037 0.056 1.:1 0.044 0.096 3. l O.ti7l, 89 26 2.3 l.OL 17 0.055 lfi 1.100 
WWER KITIANNING (NO. 5) CO lL 
Belmont Goshen 1404 0.91 0.56 O.l3 0.017 0.032 0.057 3.4 0.045 0.040 47 0.60L 40 12 1.9 0.9L 2 1 0.20 6(i l.liOO 
Kirkwood 1397 2.8 0.35 0.27 0.Qll 0.034 0.015 4.3 0.017 0.068 15 0.94L 43 6.2 3.3 l.4L 19 0.099 50 2,llOO 
1407 l.4 0.89 0.030 0.040 0.019 0.14 0.60 0.054 0.026 7.6 0.42L 17 9.9 1.7 0.6L 2 1 0.021 1:3 1,000 
1429 13 0.55 0.16 0.0 10 0.022 0.064 2.0 0.045 0.080 8.5 2.2 L 61 42 2.2 3.2L 15 0.032 5.6 1,100 
Richland 1447 1.8 Ll 0.076 0.029 0.022 0 .11 l.4 0.074 0.061 31 0.61L 43 28 1.9 0.9L 3:3 005:J 10 1,700 
Gallia Huntington 1009 2.0 1.5 0.26 0.030 0.047 0.19 4.5 0.058 0.081 20 1.0 L 73 38 3.0 1.5L 20 0.076 21 1,300 
Perry 1007 1.5 1.2 0.26 0.017 0.026 0.089 5.2 0.043 0.15 140 0.95L 83 25 2.4 1.4L 12 0.078 15 59() 
Guernsey Adams 1486 21 1.6 0.30 0.038 0.036 0. 16 5.2 0.088 0.13 4.3 1.2 L 86 50 1.9 l.7L 21 0.065 17 1, 100 
Jackson 1495 1.2 0 .84 0.35 0.023 0.027 0.062 1.7 0.052 0.069 5.7 0.55L 57 7.3 1.3 0.8L 28 0.047 8.9 2,000 
Jefferson [475 2.7 1.;1 0.34 0.035 0.043 0.1 5 3.6 0.097 0.091 30 1.0 I, 65 17 2. 1 l.5L 28 0.30 9.4 1,800 
LondOnderry 1465 1.2 0.66 0.51 0.037 0.034 0.084 4.5 0.042 0.12 33 0.86L 66 20 2.7 1.3L 18 0.046 9.0 1,300 
Richland 1505 3.5 2.0 0.20 0.085 0.053 0.27 1.8 0 .l I 0.085 15 I.I L 80 38 2.7 l.6L 20 0.074 10 1.600 
Westland 1488 0.67 0.55 0.36 0.012 0.021 0.039 7.0 0 .024 0. l8 84 1.0 L 63 21 10 1.5L 23 0.44 ll 1,400 
Wills 1478 1.7 0.89 0.18 0.024 0.027 0.074 3.9 0.081 0.l I 22 0.83L 78 13 2.7 1.21. 26 0.2 1 8.2 1,000 
Stark Osnaburg 1419 0.76 0.50 0.082 0.020 0.017 0.058 3.8 O.O:J2 0.10 :is 0.63L 57 14 2.4 0.9L :JO 0.055 fi.6 J,:J()() 
Paris 1433 0.52 0.41 0.11 0.016 0.021 0.0 17 4.1 O.Olo 0.1:l 140 0.61 [, 63 18 :J.4 0.9L 2!) 0.022 6.2 1,400 
Pike 1386 J.5 I.I 0.081 0.025 0.028 0.072 2.2 0061 0.080 II 0.64L 64 ll 2.2 0.9L 22 0.064 11 1.100 
1417 1.6 1.2 0.080 0.028 0.032 0.077 1.4 0.058 0.08:J 7.4 0.561.. 8;) 12 2.6 0.8L 2 1 0 .17 IO 1,200 
STRASBURG (NO. 5A) CO U 
Carroll I Rose I 1449 1.8 l.0 0.15 0.043 0.026 0.16 4.7 oos;J 0.1:J 6:J 0.971. 83 44 2.3 14[, 17 0 .057 15 f/9() Guernsey Adams 1485 l.l 1.2 0.21 0 .0:13 0.028 0.074 3 .8 0.032 0.090 2.7 0.80L 58 47 2.1 l.2L 21 007(j 10 1,:lOO 
Stark Bethlehem 14 I 5 1.4 0.71 0.13 0 .048 0.029 O. lO 3.7 0043 0.11 15 0.76L 90 38 2.2 I.IL 16 0 .0IH 8.0 1.100 
MIDDLE Kl'ITANNING (NO. 6) COAL 
Belmont Goshen 1403 1.4 1.0 0.18 0.038 0.041 0. 1:3 2.0 0.057 0.028 12 Q.6JL 41 54 1.7 0.9L 18 0.045 10 1,400 
Kirkwood 1398 4.1 2.1 0.13 013 0.084 0.47 2.8. 0. 13 0.047 7.8 J.3 L 71 45 1.4 I.9L 13 0 .0:11 17 920 
1406 4.2 1.7 1.4 0.055 0.044 0.15 3.3 0. 12 0.11 43 J.!; L 66 31 6 .4 2.2L l fi 0.12 :!;J H:lll 
1428 2.0 1.3 0.19 0.061 0.043 0.18 2.2 0.067 0.099 4.5 0.77L 56 29 3.1 l.lL 17 0.008 14 l ,;!0(} 
llichland 1443 2.0 1.2 0.60 0.031 0.02f> 0. 18 4.0 0.092 0.11 34 J.J L 67 31 6.5 1.0L lfi 0.098 14 950 
York 1413 1.2 0.87 0.099 0.023 0,017 0.089 1.5 0.056 0.058 7.0 0.49L 41 42 2.0 0.7L 24 0.043 8.8 1,:JOO 
Gallia Morgan 1010 4.2 2.8 0.24 0.12 0.069 0.54 1.9 0.10 0.073 7.1 1.4 [, 90 ti9 13 2.0L 15 0.11 :c!4 820 
Perry 1006 0.95 0.80 0.1:1 0.013 0.017 0.02(i 0.81 0.0:16 0.15 Iii 0.371. :)~ 12 :11 OJiL 3.4 0.043 8.0 180 
Guernsey Adams 1484 0.70 0.52 0.1 I 0 .0[5 0.019 0.0:32 2.7 U.022 0.086 4.4 0.49L 4:3 25 1.2 0.7L 21 0.029 8.7 1,:100 
Jackson L494 1.6 0.98 1.0 0.0:JS 0.02!j 0.12 1.7 0.039 0.062 7.6 0.76L 58 27 2.8 1.11. 24 0.070 A.2 1.600 
Jefferson 1474 2.3 1.5 0.10 0.043 0.034 0.18 3.5 0.076 0.093 3.7 0.97L 73 16 1.9 1.4L 17 0.29 12 1,400 
Londonderry 1464 5.5 2.9 0.22 0.21 0.088 0.71 3.8 0.17 0.067 61 1.8 I, 75 59 5.6 2.7L 10 0.043 34 <;oo 
Monroe 1480 0.54 0.48 0.30 0.019 0.023 0.029 2.2 0.022 0.094 25 0.46[. 40 11 2.0 0.7L 34 0.029 5.8 1,900 
Oxford 1453 4.3 2.4 0.1 2 0. 15 0.093 0.49 3.0 0. L4 0.066 5.5 1.4 L 83 62 2.1 2.11, 12 0.025 24 910 
Richland 1504 3.6 2.0 0.;J5 0.098 0.054 0.30 2.9 0. 11 0.087 9.0 1.2 L 80 38 2.5 I.BL 15 0.15 17 970 
Spencer 1491 1.3 0.90 0.12 0.022 0.036 0.10 2.7 0.048 0.10 12 0.63L 37 24 1.0 2.7 38 0.055 6.fi 2,000 
1499 1.1 0.83 0.16 0.025 0.030 0.094 2.8 0.038 0.058 42 0.61L 61 19 1.9 0.9L :32 0061 9.1 1,800 
Washington 1472 3.3 1.7 0,30 0.11 0.058 0.37 2.3 0. 10 0.089 6.7 J.I L 79 65 3.2 1.6L 2a O.Ofifi 22 1,300 
Westland 1487 1.6 1.0 0.080 0.029 0.032 0.11 3.1 0.059 0.080 28 0.73L 64 24 1.6 I.IL 27 0.27 5.7 l ,400 
Wills 1477 2.5 1.4 0.19 0.070 0.048 0.22 3.5 0.072 0.089 7.8 1.0 L 74 37 2.4 1.fJL JG 0.30 14 l.401J 
Stark Bethlehem 1416 1.3 Ll 0.21 0.050 0.016 0.12 0 .51 0.053 0.14 8.2 0.47L 9.0 90 2.7 0.7L 11 0.037 II :J~O 
Osnaburg 1420 1.5 I.I 0.058 0.033 0.017 0.13 1.7 0,065 0.081 8.8 0.57L G7 lG 2.9 0.8L 22 0.034 8.4 850 
Paris 1423 2.2 1.5 0.069 0.067 0.026 0.21 J.9 0.10 0.11 15 0.78L 57 38 3.2 l.2L 17 0.092 15 700 
Sugar Creek 1422 0.81 0.60 0.09 1 0.016 0.026 0.027 1.5 0.030 0.056 7.8 0.38L !JO 8.4 2.0 0.6L 13 0.034 9.5 950 
Tuscarawas Sandy 1448 0.80 0.54 0.34 0.024 0.023 0.057 2.9 0.032 0.11 10 I.I 54 38 2.3 0.9L 30 010 5.7 1,6011 
WWER FREEPORT (NO. 6A) COAL 
Guernsey Adams 1483 4.9 2.3 0.22 0.088 0.036 0.38 6.1 0. 18 0.20 49 1.8 L 52 88 3.4 2J;L 12 0.81 2R 430 
Jackson 1493 2.9 1.4 0.33 0.038 0.021 0.17 3.3 0.11 0.078 40 1.0 L 76 23 4.4 l.5L 16 0.14 32 820 
Londonderry 1463 1.9 1.1 0.14 0 .037 0.040 0. 12 3.2 0.093 0.095 77 0.8LL (i4 18 8.4 l.2L 13 0.029 17 810 
Oxford 1452 1.9 1.0 0.18 0 .037 0.027 0.12 1.6 0.086 0,0:,9 21 0.65L 65 25 3.8 1.0L 14 0.012 2:1 980 
Richland 1503 1.5 0.86 O.!l 0.032 O.Olf> 0.12 4.6 0.046 0.10 51 0.85L 63 14 4.8 1.:JL 17 0.16 7.8 890 
Spencer 1490 3.6 1.9 1.0 0.10 0.07H 0.33 4.5 0.089 0.13 110 1.5 L 60 120 4.0 2.2L 29 0.045 26 l ,500 
1498 ;l,4 1.8 0.45 0.054 O.OS.1 0 .21 3.J 0.13 0.087 78 1.2 1, 65 56 2.6 1.71, 22 0.075 15 1.100 
Valley 1482 1.2 0.90 0.090 0.022 0.017 0.074 3.3 0.043 O.J I 16 0.67L 40 23 4.5 1.0L 17 0.038 9.5 1,000 
Washington 1471 3.6 1.8 0.15 0.092 0.0:J5 0.:11 5.1 0.11 0.18 35 1.4 I, 90 47 5.5 2.lL 11 0.053 21 510 
Jefferson Springfield 1444 1.8 l.l O.ll 0.024 0.017 0.11 2.4 0.081 0.079 87 0.73L 58 80 2.6 l.lL 28 0.034 17 1,400 
Stark Osnaburg 1421 4.8 2.5 O.JJ 0 .091 o.ow 0.41 1.8 0.18 0.084 14 1.3 L 82 92 4.9 2.0L II 0.047 39 :150 
UPPER FREEPORT (NO. 7) COAL 
Belmont Kirkwood 1399 2.7 1.6 0.095 0.048 0.046 0.23 2.7 0.11 0.056 7!! 0.95L 60 31 2.7 l.4L 2;J 0.084 18 1,000 
1427 4.7 3.0 0.14 O.lO 0.073 0.48 2.4 0.17 0.10 39 1.5 L 69 90 3.9 2.2L 24 0.069 28 940 
York 1412 6.2 3.J 0.16 0.18 0.082 0.63 3.7 015 0 .096 45 1.9 L 44 150 8.8 2.8L 12 0.15 29 520 
Columbiana Butle r 1439 4.3 2.3 0.13 0.083 0.035 0.30 3.6 0.13 O.ll 67 1.4 L 75 39 2.7 2.IL 20 0.11 34 640 
Elk Run 14661 2.4 1.6 0.12 0.039 0.031 0.1 l 4.1 0.16 0.10 130 1.l L 59 16 4.8 I.Iii, :12 0.056 10 1,600 
1468 1.7 1.2 0.065 0.036 0.019 0.097 1.2 0.080 0.084 85 0.59L 35 19 2.3 0.9L 27 0.035 l:J i.fillO 
Hanover 1436 3.2 2. 1 0.088 0.068 0.031 0.30 3.2 0.10 0.12 JOO 1.2 L 76 54 4.1 J.71. 20 0.041 25 700 
1441 2.2 1.6 0.099 0.056 0.026 0.21 2.3 0.067 0.099 67 0.83L 85 56 2.8 J.2L 25 0.078 30 %0 
Middleton 1456 1.5 1.1 0.061 0.031 0.012 0.075 1.3 0.072 0.062 54 0.52L 36 16 2.1 0.8L 24 0.018 13 1,700 
West l425 2.6 1.9 0.064 0.060 0.025 0.20 1.4 0.089 O.JJ 26 0.82L 60 29 4.1 1.2L 22 0.077 29 680 
1437 2.1 1.2 0.056 0.034 0.016 0.12 0.44 0,078 0.040 36 0.55L 57 35 2.8 0.8L 16 0.026 18 400 
Yellow Creek 1451 2.0 1.5 0.077 0.053 0.021 0.16 2.2 0.11 0.099 36 0 .78L 34 71 1.7 1.2L 24 0.058 16 1,400 
Guernsey Jackson 1492 1.8 1.2 0.050 0.029 0.019 0.13 1.0 0.085 0.054 30 0.56L 53 24 1.8 0.8L 23 0.056 12 l ,JOO 
Londonderry 1459 3.3 0.85 0.063 0.018 0.023 0.060 4.6 0.077 0.13 130 1.1 L 48 19 6.4 1.GL 14 0.039 12 720 
Spencer 1497 2.8 1.4 0.63 0.055 0.045 0.26 3.1 0.081 0.069 110 J.l L 72 JOO 2.3 1.61, 23 0.078 17 1,300 
Harrison Monroe 1455 1.8 0.94 0.15 0.042 0.030 0.18 2.5 0.058 0.050 35 0.73L 68 22 1.7 l.lL 27 0.043 12 1,200 
Jefferson Ross 1445 0.87 0.76 0.062 0.012 0.012 0.055 1.7 0.046 0.058 57 0.44L 33 9.6 1.4 0.6L 32 0.024 9.5 1,800 
Muskingum Wayne 1359 2.3 1.7 0.33 0.054 0.034 0.16 2.9 0.11 0.066 9.4 0.97L 83 66 1.7 1.4L 5.9 0.040 18 340 
Stark Paris 1432 2.5 I.I 0.53 0 .088 0.020 0.25 J.3 0.065 0.079 33 0.80L 71 58 2.5 J.2L 4.9 0.064 13 120 
MAHONING COAL 
Columbiana Center 1438 2.2 1.2 0.18 0.047 0.020 0.22 4.1 0.070 0.10 160 0.99L 58 53 2.0 l.5L 31 0.047 15 1,200 
1440 2.0 1.0 0.080 0.043 0.025 0.17 1.3 0.060 0.13 48 0.61L 63 50 3 .1 0.91, 25 0.18 13 980 
Elk Run 14671 1.4 0.66 0.035 0.032 0.012 0.11 0.54 0.040 0.091 37 0.39L 17 39 1.5 0.6L 32 0.30 32 1,600 
1469 1.4 0.76 0.054 0.030 0.020 0.10 2.8 0.047 0.18 JOO 0.65L 31 20 1.8 1.0L 28 0.19 13 1,600 
Franklin 1435 1.5 0.79 0.083 0 .020 0.015 0.14 2.9 0.052 0. 14 130 0.68L 45 34 3.2 1.0l. 32 0.14 16 1,200 
Hanover 1442 2.9 1.4 0.090 0.062 0.027 0.28 I.I 0.090 0.22 28 0.80L 58 49 4.0 l.2L 23 0.23 19 780 
Madison l457 2.1 1.0 0.15 0.048 0.017 0.17 2.5 0.058 0.083 70 0.76L 39 43 2.0 I.IL 24 0.067 12 l ,400 
1458 l.7 I.I 0.067 0.040 0.015 0.12 1.7 0.051 0.045 35 0.63L 39 24 3.3 0.9L 24 0.037 19 1,400 
Jefferson Ross 1446 3.6 2.0 0.4 1 0.086 0.20 0.37 1.8 0.11 0.061 73 1.2 L 56 170 3.3 I.SL 17 0.067 20 240 
WILGUS COAL 
Guernsey I Oxford 1460 3.2 1.5 0.63 0.10 0.059 0.31 3.8 0.090 0.094 30 1.3 L 63 220 4.8 I.SL 11 0.029 17 560 
ANDERSON COAL 
Belmont Goshen 1402 1.8 0.91 0.84 0.065 0.048 0.13 3.9 0.051 0.053 390 1.1 L 34 1,700 3.l l.6L 20 0.23 18 I.LOO 
Kirkwood 1396 4.1 2.4 0.86 0.l3 0.081 0.38 1.9 0.10 0.067 13 1.4 L. 47 78 3.5 2.0L 18 0.13 45 1,200 
1410 2. l 1.0 0.21 0.093 0.038 0.23 1.4 0.064 0.024 ' 50 0.68L 22 18 1.5 !.OL 18 0.026 14 850 
l426 3.3 1.6 0.65 0.066 0.038 0.24 3.0 0.096 0.082 23 l.2 L 49 40 3.7 I.SL 15 0 .056 16 640 
York 1411 2.6 1.6 0.093 0.052 0.043 0.17 0 .30 0.068 0.073 9.9 0.69L 40 74 4.7 I.OL 22 0 .082 34 1,000 
Guernsey Spencer 1489 2.3 1.0 l.J 0.078 0.044 0.12 J .2 0.059 0.057 ll 0.86L 57 180 1.8 l.3L 22 0.015 9.3 1,200 
1496 1.9 0.92 l.l 0.050 0.028 0.13 3.1 0.046 0.077 60 0.95L 52 41 1.2 l.4L 14 O.JJ 9.5 730 
HARLEM COAL 
Carroll I Lee 1450 2.0 0.91 0.046 0.056 0.023 0.20 0.90 0.057 0 .091 24 0.56L 48 33 1.6 0.8L l6 0.033 9.4 620 
PITl'SBURGH (NO, 8) COAL 
Bclmo~t I Goshen 11401 2.0 1.0 0.13 0.046 0.034 0.17 3.0 0.058 0.057 34 0.78L 29 25 11 l.lL 8.0 0.087 13 500 
MEIGS CREEK (NO. 9) COAL 
Belmont I Goshen 1400 3.4 1.2 0.36 0.22 0.062 0.27 2.4 0.079 0.016 L 5.4 1.l L 73 66 0.74 l.6L 5.9 0.022 13 350 
NOT DESIGNATED 
Belmont Yo rk 1462 3.4 2.0 0.059 0.045 0.040 0.16 5.1 0 .1 9 0.092 5.7 0.90L 33 32 2.8 1.3L 20 0.12 32 1,200 
Guernsey Cambridge 1502 3.4 2.6 0 .064 0.074 0.061 0.32 0.20 0.JO 0.061 l.7 0.99L 110 54 2.6 l.5L 61 0.11 20 2,500 
Monroe 1481 5.3 4.2 0.093 0.088 0.088 0.50 2.4 0.17 0.1 l 13 1.7 L 64 96 16 2.5L 39 0.13 40 l,400 

































































































































TABLE fi.-Mnj<Yr, m;nor, rwd tract' elnnn,r rvnnpoMtion, wlwle coal basi,, li)I bed 
Kev to svmhols 
~folh~d (c·ulurnn head,J· 
E - by <.'niission '-µt>cl rn~, aphy on ash 
NA by 11<..'ullon activation on whole coal 
WA by wc1 diem i.stry on ash 
WW hy Wl'I c·hem1~rry 01\ whole t.:c>al 
XA hy X ray lluores<·cnct' on ash 
XW - by X ray nuorescPnCl' on whole coal 
H - nol dPt<.'rmrn('d due ro inu•r(t•n•m·c• 
L Jes:-; Lhan v;;.lul' shown 
'! - bed designa.tion t<'ntativl' 
1 
- values for sample noR 141iti and 14fi7 probably swnch(•d, based on 
corrcspond<•ncC' of ash valut•s with proximate/ ultimaLe ash vallws 
Analyses were performed by the l l.S. G,•ologi<'al Survey. Th<' analytll'al program of the 1 ·.s. Geological Survey ,s periodically 
r('v1sPd and unproved. The valurs rrpurtcd rcprtscnt thl' br!it data available at till' time of manuscript prcparatirm. Thos<' 
determmallons made Uy wet th('m1.stry arP quantitative: the rrmaining method~ arc C'Onsidcrcd scmiquantitallvr. 
The following elements were looked J'or bul not found: In, Ir. Os, I'd. l't, Ile, Rh, Ru. TP, Tm. 
Cr Cs Cu l)y Er Eu F Ga Ud Ue l1f II~ Jlo La 1., Lu Mn 
ppm ppm ppm ppm ppm ppm p1,m ppm pprn ppm ppm ppm ppm ppm ppm ppm ppm 
NA NA WA E E 'JA WW E E E NA WW E 1-.A WA NA WA 
28 l I 17 2.8L Oo8L 0.5o 260 14 (i.2 2r; 0.60 II.OHO 1.4 18 20 0. l(i 32 
31 2.0 8.6 3.2L 0.67L O.o2 100 ;!,2 I. 4.71. 7.2 o.µo IJ.2fi 0.99L If> 2.5 0.18 19 
35 0.23 30 4.2 2.8 1.0 40 II fi,:J ti.2 1.4 0.42 0.75L 39 II 0.14 2.6 
20 1.4 16 3.11, 0.66L 0.35 30 17 4.(il. 7.6 I.I U.:!6 0.971, 8.1 3:1 0.11 9.6 
21 0.92 14 2.IL 0.44L 0.23 2(i0 7.0 3.0L 6.2 0.47 0.080 065L 5.8 9.1 0.15 4.3 
90 :J.8 77 10 L 2. 1 L 1.2 160 3 1 15 L JO 4.2 0.44 3.1 L 41 50 0.39 23 
49 u; 20 5.2L I.I L O.oR 90 l(i 7.51., {i:J 1.9 o.:J7 I Ii L rn 20 0.23 10 
:11 I.I 17 5.:J 0.64L 0.4 '.) 90 18 4.4L 15 0.82 o.:w 0.95L 7.2 15 0.05L 24 
29 2.3 24 4.31. 0.90L 0.49 HO 25 n.:JL :J9 I I IJ.:JO I :J l. Ill 27 0. 18 Ii.I 
40 2.J 27 4.0L 0.83L 0.6(i ;JO 24 G.8L :JI I.;! o.:IO 1.2 l. H.I 27 0. 17 16 
3G 1.7 11 :J.91, 0.81L 0.44 70 13 5.7L 6.9 1.0 0.19 1.2 L s.:1 27 0.08 23 
20 0.49 8.0 2.2L 0.46L 0.3 1 50 15 :3.21. 15 0.:38 O.~I 0.(i9L ;3_2 E; ,7 om 27 
l(i 0.30 4.9 2.01, 0.42L 0.20 20 II 2.9L rn 0.:15 o.:lj 0.63L !JI 4.0 0.05 25 
24 0.56 II 1.9L 0.40L 0.2!i !iO 9.(i :1.0 3.7 0.:";8 0.31 0.66 4.1 I !l 0.08 8.6 
90 0,!;9 29 6.4L 1.3 L 0.50 70 27 9.!lL LO 2.4 0.4:l 2.0 L 12 :):t 0.18 l 2 
32 2.0 L II 3. 11. 0.64L !l.O L 40 II 4.4L 28 1.0 L 0.49 0.95L 3. 1 24 O.OG 22 
29 0.50 18 :J.4L 2.0 o,r,g IGO 7.'2 :J.4 5.2 1.2 () .:lQ 1.0 L 14 12 0.17 17 
26 I ., 12 2.9L 1.4 0.5(i 20 17 4 .2L 14 0.68 11.080 0.88L 9.4 2fi 0.12 7.9 
41 2.3 1:J 5.0 L, 1.1 L 0.48 80 3.4 L 7.3L 17 J ·) 0.41 1.6 L 13 LI 0.23 46 
38 0.78 21 :J.9L 0.8JL 0.64 70 14 5.6L {i.O 0.96 0.19 1.2 L 16 26 0.1 l 20 
59 1.8 26 12 l, 2.6 L i.;J 90 23 18 L 5.7 7.5 0.42 !l,8 L 38 40 0.47 14 
L9 1.8 8.9 3.6L 0.75L 0.37 450 R.O 9.:J 5.1 O.Gf> 0.0GO I.I L 0.0 5.6 0.11 3;) 
22 I.I 18 a.IL 1.8 0.49 260 8.4 5.fi 18 0.60 0 12 0.95L 6.0 6.4 0.22 2fi 
2 1 0.25 12 IJ l.2 L 1.2 120 II II II 0.(i7 0.070 1.7 L 8.7 33 0.34 48 
2!j 0.35 15 2.2L 0.46L 0.31 160 7.;J f).f) 2,!j 0.40 0.17 0.67L 8.!:i 18 0.08 20 
9.8 0.21 7.9 l.9L 0.40L 0.20 70 6.7 2.8L 14 0.26 ll.1:J 0.60L :l.2 3.9 0.11 16 
5.8 O.OS 9.2 :).OL 0.63L 0.20 60 fi.fi 4.41, lfl O.llll. 0 Ill 0.941, 2.ll l.4 0.14 18 
15 0.39 8 .1 14L 0.29L 0 .2H 120 O.!-l:JL 2.()l. 2.4 0 71 1l 2:1 0.421. 71 17 0.15 4.5 
8.4 0 .22 15 71L 1.5 L 0.25 50 u; 10 L II 0.25 0.!17 2.2 L 2.9 ;J.!I 0.08 9.:3 
1:1 0.42 9 .8 2.0l. 0.411. 0,2:-, 40 3.7 4.:1 :J.2 OG:.:! 0.41 0.61L 5.4 13 0.09 5.2 
18 0.70 12 5.H 0.70L 0.(i2 900 10 7.:3 :l.O 0.50 0.090 1.0 L 10 9.7 0.27 40 
16 0.50 II 4.2 O.f>4L o.:J(i :120 8.2 10 t>.l 0.30 O.IO 0.95L 4.0 6.:l 0.23 32 
20 0.72 8.9 9.3 0.791. 0.48 :100 fl 12 8.3 0.69 0.27 1.2 L 8.7 13 0.16 Jfj 
12 0.18 15 I.SL 0.37L 0.26 60 H :!.6L 1.7 0.43 0.22 O.fl5L 4.l 4.5 0.05L 19 
18 0.56 8.5 :J.3L 0.70L 0.48 40 4.6 4.9L 9.4 0.58 0.:12 LO L 4.0 21 0.23 :JO 
9.8 0.32 7.7 2.8L 0.581, 0.21 IOL H 4.IL 13 O.W 0.40 0.86L 3.o 3.6 0.08 48 
17 1.2 18 3.5L 0.74L 0.44 50 8.8 f).11.. 16 084 0.10 1.1 L 9.0 21 0.18 26 
9.7 0.20L 5.(i 3.3L O.H9L 0.37 130 H II 28 0.18 0.3:J 1.0 L 4 .2 2.9 0.10 27 
14 0.24 0.2 2.7L 0.561. o.:ll 100 II ;J.91, 1:3 0.42 0.:)4 0.831, :3.1 5.5 0.18 28 
8.7 0.37 JO 2.0L 0.421. (),;Jr, 60 II 2.91. 8.5 0.27 0.37 0.63 L 3.2 ~.3 0.16 26 
5.8 0.08 :J.I 2.0L 0.41 L 0.21 100 H 2.~J. 18 0.20L 0.:1;; 0.6 1L 2.8 1.8 0.09 16 
14 0.55 12 2.IL 0.43L 0.:14 50 6.6 :I.OL 12 0.46 o.:,8 0.64L 4.H 8.0 013 14 
16 0.62 8.3 1.81, 0 .38L 0.36 80 7.0 2.71, 17 0.40 0.20 0.56L 4.4 6.4 0.16 IJ 
16 0.80 9.ll :J. IL 0.fibL 0.-11 JO H fl.3 19 0.fJI 0.46 0.07L 6.7 6.4 0.15 33 
72 0.28 ;J,7 II 0 .54L 1.4 170 H Ill 2.7 0.41 0.21 0.80L 3.1 8.9 0.25 J;J 
11 0.43 6.4 li.2 0 .52L 0.;J2 180 H :1.61. 6.ll o.:1:1 0.20 0.76L 4.0 3.0 0.09 47 
((j 0.87 8.5 2.0L 16 o.:m 90 5.8 2HI, 7.8 0.41 O.ll!lt) 0.611. :l.O II 0 .10 I!! 
22 2.fi 14 4. IL 086L o.:1s 40 8.2 6.0L :w 0.78 0.12 1.;J L !I. I 2~ 012 Iii 
2A 2.:1 ,~ fi.7 1.0 I. 0.47 fi() :1.a 1. 70L :11 I.I 0.22 1.r; L [ 2 IH 0.2fi 17 
Hi 0.8:J 11 2.SL 05;!1. 0.:12 (i() II :J.tiL II o .:J!J O.:JH 0.77L 6.f:i. IH 0.09 20 
17 1.2 12 :J.4L 071L 0.40 40 II SOI. 79 O.ti2 0.42 I I l. 7.6 " 10 O.lfi 70 
14 0.48 4.9 l.6L 0.33L 0.27 160 II 3.8 7.2 0.35 0.17 0.49L 4.0 5.5 0 .10 JO 
27 2.:1 :22 4 .GL 0941. O.til 740 10 7.1 !3.5 0.80 o.miO 1.4 L 13 16 0.20 57 
1:3 0.10 8.:J 3.4 0.2~1, 0.:32 JlO 5.3 :u, 18 0.30 0.060 0.37L 3.0 4.7 0.l2 13 
9.7 0.18 3.9 1.6L 0.33L 0.21 300 Ii :J.7 5.3 0.21 0.22 0.49L 4.8 tU 0 .07 8.6 
14 ().(;0 13 2.5L 0 .52L 0.30 120 4.0 3.(iL 6.4 0.34 0.24 0.76L 4.7 8.!i 0 L2 :19 
20 0.90 II :l ll.. 1Ul6L 0.14 90 5.9 4.61. 6.4 0.56 o.:J4 0. 7L 7.1 12 0.1:, 13 
32 a.5 17 fi.91, 1.2 I. 0.5(i 120 !i.9 8.!iL 0.1 1.2 0.:1.1 1.8 L 18 r):J 0.20 64 
39 0.14 4,(j 1.5L 0.31L 0.2;1 HO H :J,4 17 0.lfl 0,3:J 0.46L 2.5 8.tl 0.06 13 
24 Z.7 1:3 4.(iL 0,9!jJ. 0.5;) llO 7.5 n.6L 3.7 I.I 02!l 1.4 L 12 48 0.16 16 
20 1,fj I:l 4.0L 0.831, 0.38 70 6.5 r,.8L 6.5 0.77 0.020 1.2 L 8.7 4:3 0.14 47 
[6 0.53 II 5.7 0.42L 0.2:1 I;JO II 6.:l 5.2 0.:38 0.27 0.63L 3. l 7.5 0.08 JO 
10 0.50 8.9 2.0L 0.4lL 0.26 120 fl 2.>ll. !j,4 0.20 0.090 0.61L 3.6 7.7 0.LI 1:1 
18 2.2 9.7 3.6L 0.75L 0.46 90 9.4 8.ti 10 0.75 0.27 1.1 L 10 34 0.l5 :12 
1!5 1.2 10 2.4L 0.49L 0.26 150 II 3.7 7.3 0.48 0.26 0.73L 2.9 13 0. LI i:J 
15 1.2 12 3.3L 0.69L 0.30 40 H 4.81, 4.8 0.47 0.19 1.0 L 7.4 j;) 0.10 24 
10 0.47 26 5. 1 0.32L 0.3:! 60 6.U ~.G 4.6 0.27 0.17 0.90 4.o 7.6 0.08 34 
12 0.!il:I 9.2 1.HL 0.;J!J[, O.W 40 H 2.7L 5.li O.:JG 0 .3 1 0.57L !3.4 8.4 0.07L II 
22 I 4 10 2.5L 0531, 0.40 180 7.2 :J.7L 5.3 0.63 0.20 0.78L 6.5 16 0.16 J4 
7.4 0. 10 4.5 l.2L 0.2fil.. 0.21 40 II I.H 4.0 0.20 0.20 0.38L 5.2 2.2 0.07 0.0 
8.1 0.2~ 7.9 1.9L 0.40L U.19 40 II 2.8L 20 0.32 0.27 0.59L 2.:J 41 0.15 33 
30 2.0 22 5.7L 1.2 L O.fiO fi() 8.6 2 1 14 J, ;! O.:Jfi 1.8 L 14 J;J 0.l7 91 
17 0.7fi lJ 3.4L 0.70L 0.79 120 II 4 .!ll. 6.4 080 027 1.0 L 14 9.8 0.l9 2;3 
lo (l,fi:1 8.:1 2.fiL 05fil. o.:m 10 II :!.8L 12 0.62 0.28 O.HIL 7.11 90 0.13 19 
14 O.f>9 8.2 2. IL IJ.44L O.(i4 80 ;3.9 3.IL 2.7 0.65 0.::!5 0.77 II 7.8 0.13 19 
II 0.49 H.0 2.8 L O.fiHI. 0.22 GO II 4.0L 8.1 0.:12 0 .40 0.H5L :J.4 4.9 0.09 40 
21 I.I 10 4 9L 1.0 L O.!'i8 50 8.0 Jij l ;J 0.62 047 1.5 L 16 19 0.16 100 
20 0.92 12 ;3.71. 0.78L 0.38 150 5.3 5.41.. 10 0.82 0 .13 1.2 L 8.4 27 0.17 20 
I;J 0.49 (i.4 2.2L 0.46L 0.35 130 II 4.8 8.4 0.34 0.25 0.67L 42 9.9 0.10 9.!l 
24 1.8 27 4.5L 0.94L 0.61 60 II 9.8 II 0 .66 o.:i:1 1.4 L 9.8 23 0.19 50 
lfi 0.3(i ~.5 2.4L 0.49L 0.38 50 H 5.2 6.1 0.50 0 .41 0.7:JL 9.0 7.8 0 .11 12 
3:l 2.5 27 4.3L 0.90L 0.S:J 80 8.4 6.2L ,n 1.:J 0 .38 1.3 L 20 29 0.24 19 
22 1.4 17 3.IL 1.5 0.39 40 7.3 4.5L 3.2 0.74 0.080 0.95L 10 9.9 O.l2 13 
;J4 2.7 26 4.7L 0.991, 0.fi8 80 16 6.9L 6.2 I.I 0.42 1.6 L 14 47 0.15 19 
34 3.4 14 {i.lL 1.3 L O.til JOO 9.1 8.8L 6.3 I.I o.:n 1.9 L 15 16 0.21 33 
29 1.8 27 4.6L 0.95L 0.ti2 50 7.5 f>.61. 27 0.92 0.49 1.4 L 17 23 0.14 47 
JO 0.24 I!) 3.4L 0.72L 0.30 40 H G.OL 17 0.46 035 1.1 L 49 20 0.11 12 
15 0.5fi 9.li l.9L 0.40L 0.25 LO fi.8 2.81. 6.1 0.52 0.29 0.591. 5.7 1 ;1 0.06 20 
24 1.5 16 ;3.71, 0.78L 0.4:1 210 li.8 5.41, 2.0 O.fi2 0 .:33 1.2 L 15 11 0.12 ) !j 
2 1 1.2 20 2.7L 0.56L 0.56 70 JO ;l.9[. Iii 0.41 017 H 17 9.3 0 .16 7.8 
12 0.34 9.2 1.7L 0.35L 0.28 fiO 4.2 2.fiL :1.9 0.411 O.:ll 052L S.5 13 0.09 9 .2 
22 1.4 18 2.7L 0.56L 0.5(\ 200 6.2 3.9l. 2.:1 O.fifi 0. 17 O.H2L 15 ll 0 .12 11 
Jfi 0.84 :J.2 I.SL 0.37L 0.25 40 4.G 2.6L ~o 0.44 021 055L 99 6.6 0.08 3.7 
20 0.8:3 14 2.oL 0.53L 0.38 50 4.9 ;)71, :) :J 0.77 02'.J 0.78L 7 fl 17 0.1~ 23 
16 0.73 12 I.SL o.:IRL 0.27 ltiO 4.2 2.71. 5. 1 ll.li4 024 0.56L 71 9.1 0.10 2.n 
l6 0.3:J 18 '.l.GL 0741, o.:37 10 II !i2L Iii U.liO 0:17 1.1 l. 5.0 6.0 0.[3 24 
17 I.I 14 3.4L 0.72L 04/i [f,O :J.7 !'i.01. 59 {I.G2 019 I.I L 9.fi 7.:l 0.17 3/i 
14 0.80 7.6 2.4L 0.49L 0.:3G 80 H 3.4L ri.n 0.43 0.28 0.73L 51 4.5 0.08 15 
II 0.30 8.3 l.4L 0.29L 0.18 50 H 2.0l. G.3 0.25 0.:11 0.44L 4.9 5.1 0.05 4 J 
2:) 1.2 13 3. IL 0.66L 0.:15 (iO 9.6 4.61. 6 .7 0.71 0.070 0.97L 9.7 20 0.08 17 
14 1.3 4.8 2.6L 0.54L 0.30 250 7.2 :J.llL 12 0.49 021 0.80L 73 3.5 0.08 40 
17 1.0 12 3.2L 0.67L 0.38 70 H 4.71. :J.9 0.48 0,4:1 0.99L 8.2 7.0 0.08 25 
13 0.65 6.9 2.0L 0.4 IL 0.42 mo 7.4 2.9L II 0.47 0.20 U.61L 7.3 3.5 0.11 6.8 
18 l.3 5.7 l.3L 0.26L o.r,o 10 2.7 I.SL 4.3 0.70 0.24 0.39L 13 4.1 0.15 3.3 
10 0.5 1 7.8 2.JL 0 .44L 0.37 !j0 II :1.0L 72 0.35 · 0.:12 0.65L 6.6 3.2 0.1 I 18 
14 0.63 10 2.2L 0.46L 0.44 40 fl :l.2L 13 0.4 1 0.40 0.68L 8.7 3.8 0.10 3.8 
2 1 l:J II 2.61. 0.5AL 0.16 70 10 :J.7L l() O.f>3 0.16 0.80L 10 5.7 0.16 5.3 
13 0.96 9.li 2.51. 0.52L o.ao 140 H :J.6L :l.6 0.42 026 0.76L 5.7 4.4 0.07 9.0 
II 0.64 6.5 2.0l. 0,4;11. 0.41 IO 3.9 ;J.OL 5.5 0.30 0.28 0.63L 9.7 6.5 0.10 9.3 
21 17 9.8 3.91. 0.811. 0.5'1 Ht! f\.H fiJi fi .7 0.8:J 0.49 1.2 L 9.9 12 0.18 59 
20 1.8 13 4.0L OSJ;L 0.46 50 H rl.HI, 12 0:)f, 0:16 J.;J L 62 12 0.15 99 
17 0.92 13 3.4L 0.71L 0.48 40 6.8 5.0L 14 0.40 023 l.l L 8.8 7.8 0.10 93 
3 1 2.2 53 4.5L 0 .94L 1.3 120 II 6.6L 7.8 0.87 0.080 1.4 L 26 33 0.36 75 
15 0.66 5.2 2.2L 0.46L 0.35 80 l.5L :J.2L 5.8 0.52 0.19 0.68L 8.5 20 0.19 14 
2l 1.4 25 3 .9L 0.81L 0.47 40 6.J 5.6L 7.2 0.62 0.32 1.2 L 8.8 2 1 0.13 81 
23 1.7 l3 3.1 0.47L 0.79 I JO 8.9 3.0 13 0.51 0.15 l.0 L6 10 0.18 6.5 
13 0.54 8.7 2.8L 0.58L 0.20 220 3.9 4.0L 19 0.45 o.:J3 0.86L 5.4 8.7 0.07 68 
10 0.68 6.4 3. 11, 0.64L 0.18 60 H 4.5L 13 0.32 0.15 0.95L 5.1 3.6 0.06 74 
JO 0.68 6.5 I.BL 0.38L 0.21 140 3.2 2.71, 8.3 0.40 0.24 0.56L 4.7 3.0 0.08 7.3 
16 0.9/i 4.8 3.3 0 .fi21. 0.34 140 4.8 :J.f\L :1.fi 0.44 0,050 0.78L 6.8 5.4 0.08 17 
22 l.7 92 3.5L 0.7:3L 0.:J5 140 5.fJ fi. lL 5.1 0.71 0.090 I.I L 7.0 5.1 O.ll 24 
25 0.51 30 2.91. 0.61L 0.63 0 6.9 4.2L 3.0 1.3 0.24 0.90L 16 16 0.19 4.1 
29 2.J 16 3.2L 0.67L 0.44 80 12 4.6L 9.4 0.89 0.030 0.99L JJ 28 0.15 8.4 
91 3.6 25 12 4.4 l.l 90 17 17 21 1.0 0.30 1.7 L 21 20 0.63 7.J 
30 1.4 18 4.2L 0.87[, o.:is 60 17 IHL 15 0 .99 0.21 1.3 L 9.1 21 0.11 57 
Mo Nb Nd Ni I' Pb Pr Rh Sb Sc Se Sm Sn 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
E E E r, xw WA E NA NA NA NA NA E 
:1.6 2.7 2fj 66 44 19 12 14 2.9 6.3 fi.8 2.3 O.o8L 
3.5 3. 1 5.8 20 44L (i,9 15 L 21 1.9 6.5 JO 2.l 2.0 
H II 34 29 2 10 23 19 50 L 1.2 8.3 12 3.8 H 
1.6 4.1 12 39 44L 14 14 L 13 1.5 4.5 5.7 1.6 1.0 
4.6 1.2 6.7 33 44L 2!j 9.5L 29 L 1.3 3.9 4.5 1.2 0.441. 
:).4 20 50 29 61 :JO 4!j L 48 0.95 10 28 5.4 5.4 
3.3 7.1 20 23 44L 15 24 I, 18 1.2 8.6 II 2.:J ;J,,5 
4.2 2.4 6.3 14 66 7.4 14 L 13 0.22 5.8 5.2 1.5 1.5 
5. l 5.5 14 37 44L 15 20 L 2(i 2.0 8 .2 5. L 1.9 0.90L 
6.5 4 .9 20 52 441. 15 ]8 L 18 1.3 II 6.4 2.3 l.6 
12 4.2 15 21 44 8.5 18 I, 23 0.40 6.1 6.5 J.7 1.6 
8.0 1.8 9.9 45 44L 6.6 10 L 7.0 0.33 4.4 5.0 1.3 1.7 
H 1 8 7.4 21 44L 10 9.21. 9 .0L 0.61 3.3 4.4 0.84 H 
4.0 ;!2 12 17 441. fi.9 8.7L 40 L O.IH 4.1 4.8 I.I 1.9 
1.9 5.:J 9.31. 50 44L ;15 29 l. 40 l. (l.(i4 14 17 I.H ;1,8 
II 2.8 4.4L 4;J 441. 14 14 I. 40 l. 0.2:l 6.0 10 l. 0.7:l H 
I.a fi.7 14 43 61 20 10 L 20 L l.:J 5.6 14 2.:1 0.70L 
1.8 1.8 12 29 44L H.!> 18 J;.01. 2.4 6.8 5.3 2.0 0.60L 
9.4 4.li 19 22 92 14 23 L 35 0.74 7.9 9.5 2.1 I.I L 
2.6 6.5 30 17 44L 9.0 18 L 30 L 0.23 6.9 5.8 2.6 1.9 
2.5 25 45 16 61 23 57 L 50 L 0.60 JO 9.3 5.6 G.2 
13 2.li 9.3 15 44L 20 23 21 0.35 4.0 6.5 1.2 0.75L 
7.7 2.2 12 25 44 20 15 9.0 1.5 5.5 :3.4 2.0 0.641, 
16 3.6 41 51 490 20 41 20 L 1.5 7.0 9.3 4.8 Ii 
2.0 1.4 7.8 9.9 310 9.9 11 20 L 0. 10 5.1 6.5 1.2 0.46[. 
4.6 I.I 2.8L 13 44L 13 8.8L 20 L U.82 2.6 1.2 0.7\J Ii 
6.9 2.2 4.4L 29 92 fi.5 14 L 20 L 0.45 1.3 1.0 0.70 H 
0,!;5 1.2 4.0 9.:l 441. 7.4 fi.2L 20 I, 0.23 2.9 2.9 1.2 0 .29L 
12 4Ji 10 l. 18 441. 7.1 32 L :JO L 0.2!i 2. 1 0.90 0.78 1.5 L 
1.3 2.0 6.8 20 44L HI 8.9L :10 I. 0.64 3.0 2.4 11.91 0.41 I. 
,8.1 2.7 1:1 18 170 11 26 13 0.90 4.2 4 .7 2.3 II 
11 2.9 4.4L 12 48 14 9.5L 20 L 1.0 4.0 6.J 1.5 II 
H 26 19 17 190 6.9 17 L 9.9 0.17 4.1 4.0 2.2 II 
H 1.r, II 13 74 12 9.7 17 I. 0. 19 2.8 fi.fi 1.2 II 
7.0 2.1 4 9L 50 44L 4.7 15 L 30 L 0.75 3.3 {i.4 l.f, 2.6 
H 2.8 86L 33 44L 9 .4 13 L 10 L 0.63 2.6 2.7 0.88 II 
4.0 2 •) 9.9 21 44L 6,(; 16 24 0.J2 5.8 7.8 2,!j 2.4 
H 3.2 II 45 44L ;JO 15 L 15 L 0.62 3.2 2.2 1.7 H 
H 2.4 :l.9L 57 79 18 12 L 20 L 0.72 4.1 4 .6 1.2 H 
Ii 1.:J 7.2 35 44L 2. 1 9.2L 30 L 0.40 1.8 1.8 1.0 H 
H 1.5 n.o 24 441. 8.6 9.0L 10 I, I.I 1.6 I.I 0.76 II 
3.2 J.;J 4.5 22 441, 60 9.41, 30 L 0.39 3.:J 2.6 1.2 1.4 
5.4 J.f) g I 3() 441, 2.8 R3L 6.0 0.34 3.8 2.0 1.3 1.7 
Ii 3,;J !l,;J 17 57 :J. I 14 L 9.0 0.(i4 4,f) 7.7 1.8 II 
II 2.7 :JO :15 5411 4 .n 12 L 12 I. 0.11 3.3 2.1 6.2 II 
H 1,;3 6.8 7. 1 fil I.ti II L ii.0 0.:16 3.11 4.0 II II 
2.'.J I.I 4 f, HH 441. :IH .R!IL l:c! 0.47 :1.:1 1 (i 1 !l ll.41L 
2.i J!l (;Ol. 12 44L fili l!J L 27 (l.2H 4.2 5.o 1.4 08(il.. 
17 ;1 7 12 2ti 44L 10 22 I. 27 0.7fi (i.11 li.8 18 2.0 
II '2.7 II 14 44L f>.2 II L 40 I. 0.:15 :i.;J 4.0 1.1 ll 
Ii 2.6 !-l.ti 19 441. 8. 1 Iii l. 40 L 0.38 4.1 2.1 1.4 fl 
H 1.7 9.4 10 441, 2.1 7.2L · 10 L 0.29 3.2 I.I 0.96 H 
I.Cl 2.7 18 19 441. 20 J.J L .j[I I 7 11.!"i 2.1 2.2 0<14L 
3.6 I .!J (i.l LG 441. 7~ 7.7 !JOI. :J.O 3.2 n.:1 I.I 11.2aL 
H l.4 94 II 4.11. --1.5 7.2L 10 L 11.12 2.:J 2.1 O.!fli II 
2.H 1.8 12 11 100 3.1 11 L 17 L 0.22 3.!) 3.1 1.4 0.8!) 
3.4 2.1 4 .6L 11 44 l.u 14 L 20 L 0.16 3.8 3.8 1.3 0.84 
2.7 3.5 19 L5 70 13 27 L 42 0.58 7.0 8.6 2.4 1.2 L 
Ii 1.2 5 .7 11 441. :J,(i 6.7L 9.0L 0.60 2.3 3.0 1.0 H 
1.3 2.9 8$ 10 44 2.9 21 L 26 0.2L 6.7 5.3 1.7 O.%L 
1.7 2.7 12 12 44 16 22 22 0.22 4.8 4.2 1.9 1.4 
H 1.9 8.J 12 441. 4.6 9.2L 9.0L 023 2.7 2.2 0.99 H 
H 1.7 8.5 8.9 44L 2.5 8.9L 18 L 0 .26 2.3 2.4 l.!J fl 
12 3. J 16 18 48 5.0 19 26 0.56 4.3 :1.9 2.0 0.75L 
H 2.5 5.8 12 44L 9.1 11 L II O.u:J 3.3 2.4 I.I H 
H 2.2 11 2 1 44L 2.1 15 L 12 O.l9 3.0 3.9 1.2 H 
3.4 l.7 22 :l4 100 6.6 8.3 8.0L 0.21 2.1 3.3 1.2 0.69 
H Lo n.~ 12 44 L 7.0 8.4L 30 L 0.69 2.8 2.3 0.95 Ii 
4.3 3.0 15 l!J 44L 6.2 12 I. 19 0.:19 3.6 2.8 l.(j 1.2 
Ii 1.3 6.7 22 4!! 1.9 5.GL 8.0l, 0 .15 1.9 5.4 0.91 H 
H u; 2.8L 9.6 44L 3.7 8.7L JO L 0.24 2.6 2.3 0.79 H 
JO t;.5 22 20 180 42 39 25 0.71 5.8 5.4 2.5 4.2 
H 4.1 29 13 140 4.7 18 30 l, 0.36 3.6 2.7 4.2 0.70L 
H 2.9 8.4 15 44L 3.3 12 L 7.0 0.78 3.7 4.7 1.4 H 
1.2 1.6 lti II 350 5.6 14 20 L 0.55 3.6 2.4 2.1 0.4 4L 
H 1.8 4.0L II 44L 20 13 L 9.6 0.60 2.5 2.0 0.91 H 
5.4 2.9 22 33 190 :31 22 L 16 2.4 5.0 2.8 2.7 2.7 
2.9 3.4 1:3 13 150 9.4 17 L 14 1.2 4 .3 3.0 1.9 LI 
H 2.2 12 18 44L 7.2 9.9L II L 0.26 3.l 2.2 1.6 H 
H 3.5 14 19 I IO 2.3 21 L 24 0.42 4.6 4.2 2.6 H 
H 5.0 21 18 540 12 18 30 L I.I 2.7 3.3 1.4 H 
1.5 3.7 23 17 140 7.4 20 I, 23 0.43 6.7 4.3 :3. 1 0.98 
4. 1 2.J 5.5 15 44L 9.8 14 L 13 0 .99 3.8 3.7 1.5 0.64L 
4.7 3.9 12 21 170 II 22 L 29 i.a 6.4 2.7 2.4 0 .99L 
1.3 5.0 20 28 44L 12 28 L 39 I.I 6.1 2.6 2.4 1.3 L 
5.4 3.1 13 25 87 15 21 I, 40 L 1.6 5.2 3.7 2.6 0.95L 
fl 3.7 r;,o 20 44 23 16 I, JO L 0.98 2.2 3.3 0.95 H 
9.6 2.2 3.li 14 57 21 8.7L 5.0 1.4 2.8 5.7 0.94 0.40L 
3.6 2.4 17 12 170 8.5 22 19 1.4 4.6 2.4 1.9 0.99 
6.8 2.4 20 37 250 II 18 II 2.ti 5.0 2.9 2.2 0.95 
ti.3 1.7 5.7 13 44L 9.2 7.7L IO I, 1.0 2.0 3.7 1.0 0.35L 
2.7 1.8 22 21 70 3.8 12 14 0.85 4.7 3.0 2.3 1.0 
2.5 2.2 16 II 100 5.1 8. 1 L 9.0L 0 .72 2.5 2.2 1.1 0.81 
2.2 1.6 7.SL 12 100 II 12 L 12 0.69 3.9 3.7 1.3 0.53L 
3.5 2.7 12 17 44L 16 8.3L 15 1.3 3.2 2.8 1.5 0.70 
H 2.4 9.2 35 44L 15 ·16 L 20 L 2.7 3.2 4 .4 1.3 Ii 
7.0 2.7 22 22 440 7.5 l6 L [9 0.83 3.5 2.5 2.2 0.72L 
H 1.8 (i.6 13 430 3.9 11 L II 0.90 3.1 1.5 LI fl 
H l.3 7.0 17 83 7.0 6.4L 30 L 0.82 2.4 2.0 0.86 H 
1.7 3.0 7.9 13 100 4.3 14 L 20 L 0.29 3.6 3.6 1.4 0.66L 
3.8 1.9 13 27 1,800 10 15 17 2.4 2.7 0.80 1.2 I.I 
H 2.5 14 19 570 7.6 15 L 40 L 1.3 2.8 2.0 1.3 H 
14 1.9 14 57 230 lo 9.0 L 10 3.9 2.9 1.6 1.4 0.84 
3.0 l.3 2.7 19 190 11 5.7L 16 3. 1 4 .2 1.3 2.0 0.26L 
H 1.7 5.3 28 100 29 9.5L 10 L 2.6 1.9 4.1 l.2 H 
Ii 1.5 9 .6 33 230 33 10 L 40 L 3.6 2.6 1.5 1.5 H 
4.7 2.0 20 69 150 19 12 L 21 8.3 4.3 1.5 l.8 0.84 
H 1.7 7.6L 24 79 6 .3 II L JU I.I 2.2 1.5 I.I fl 
1.6 1.3 8.7 25 44L 8.:J 9.3L 6.0 0.53 2.6 1.9 1.5 0.43L 
7.7 4.4 23 19 160 18 18 L 60 L 1.5 4.3 l.5 2.0 0.8lL 
H 2.8 II 18 9fi :J.3 [8 L 27 0.62 4.2 2.6 1.6 0.85[. 
14 1.9 G.OL 23 70 14 16 L 20 l, 3.4 3.3 3.6 1.6 0.71L 
8.6 2.9 20 31 640 II 20 L 27 1.9 8.7 4.9 4.7 0.94L 
l.2 1.0 3.2L II 79 9.0 10 L 20 L 0.97 3.2 3.9 1.3 0.92 
II 3.5 15 19 44L 5.3 18 L 50 L 0.62 4.5 2.5 1.8 0.81L 
13 1.9 24 30 74 7.8 10 L 13 4.4 6.9 2.3 2.9 0.96 
5.4 1.8 19 L 19 66 7.3 13 L 8.5 1.5 2.2 2.0 0.96 0.58L 
H 2.0 !l.5L 15 170 4.2 14 L 14 0.45 l.9 3.4 0.90 H 
12 I.I 5. 1 24 48 II 8.3L 9.0 2.9 2.0 0.90 0.75 0 .38L 
3.2 1.7 3.6L 15 87 2.3 II L 12 0.29 3.0 2.8 1.3 H 
2. 1 2.7 5.IL II 44L 4.7 16 L 18 0.20 3.5 4 .9 1.3 0 .73L 
1.8 5.9 17 25 44L 9.6 l3 L 10 0.73 5.2 9.8 2.4 1.6 
0.91 2.6 20 48 44L 13 15 L 24 0.96 5.9 2.5 2.3 1.2 
1.6 3.4 19 30 44L 15 25 L 32 0.68 9.5 8.7 4 .8 27 
8.6 4.8 17 21 70 15 19 L 26 0.40 5.5 5.5 1.8 4 .4 
Sr Ta To Th 
ppm ppm ppm ppm 
E NA NA NA 
44 0.17 0.45 3.0 
42 0.39 0.:18 4.4 
200 O.fi7 0.58 7.3 
53 0.43 0.28 3.9 
33 016 0.17 2.0 
100 1.7 1.0 19 
49 0 .76 0.4:l 80 
86 0.28 0.27 3.4 
67 0.44 0.46 4.5 
60 0 .46 0.62 5.6 
65 0.40 o.;15 4.1 
42 0090 0.25 1.9 
36 0080 0 13 l. fi 
0 1 012 0.27 2.4 
17 0.78 0.36 9.7 
42 1.0 L 0.70 L 2.7 
50 0.47 O.f>3 5.0 
49 0.24 0.38 2.9 
(i2 0.46 0.40 4.9 
7(i o.:Jg 0.42 4.9 
120 1.6 1.2 9.4 
H2 0.27 0. :1 1 2.7 
36 0.23 O.f>8 4.1 
820 0.16 1.3 2.(i 
200 0.095 0.29 3.2 
19 0.080 0.Hi 0.9ti 
19 U.070L 0.19 0.64 
l2 0.27 0.22 2.6 
[;J 0.l I 0.31 I.I 
:lJ 0. 17 0.26 1.!l 
85 0.17 0.90 2.5 
'10 0.12 0.fi4 l.!-l 
170 11.22 0.47 ~.fi 
;17 0.12 0.19 1.5 
26 0. 19 0.41 2.fi 
36 0.1 1 0.22 1.2 
53 0.23 O.;JO :1.0 
48 0 .12 0.23 1.0 
27 O.l!i 0.4:l I.Ii 
27 0.20 L O.a4 O.f!O 
:J5 0.050 0.19 0.47 
2:1 0 .17 0.34 1.8 
25 0. l !i 029 1.9 
I 10 0.2;J o.:J9 2.:l 
31)0 0.11 I.I 1.-1 
7'.l 0.12 0.22 J.;J 
24 o 1s o:m 1.H 
47 11:m 1124 iJ) 
140 o.:Hi o.:m :1.~ 
44 0.15 o;m 2.0 
57 0.22 o .:i1 2.2 
29 012 0 .19 1.4 
t.:l 0.24 0.,1:i 4q 
~o 0.11!!0 n.:1~ u 
(iO 0.0!;8 0.18 IJ.H-1 (i2 0.09:J 0.21 U) 
37 0.19 0.25 2.1 
56 0.43 0 .45 4.7 
40 0 .093 0 .17 0.72 
(i() 0.35 0 .42 4.1 
78 0.21 0 .2~ 2.8 
43 0.11 0.19 1.5 
28 0. 11 0 .2 1 I.I 
75 0.2:3 0.35 2.8 
32 O.lf> 0.27 l.3 
55 0. lfi 0.24 1.7 
260 0.12 0.21 I.I 
25 0.I;J 0.28 1.7 
41 0.24 0.32 2.6 
52 0.077 0.16 1.0 
30 0.10 0.28 0.95 
140 0.37 0.39 4.1 
46 0.25 0 .50 2.4 
40 0.23 0.29 2. 1 
84 0.23 0 .5 1 2.:3 
28 0.1 I 0.14 1.2 
190 0.22 0.35 2.7 
93 0.27 0 .25 2.8 
36 0.11 0 .23 1.4 
82 0.27 0 .54 3. 1 
310 0. 17 0 .32 1.8 
120 0.49 0.(i6 4.7 
35 0.24 0 .17 :3.3 
110 0.41 0.oO 4.7 
74 o.:J4 0 .45 4.9 
48 0.:10 0.42 4.3 
55 0.17 0.28 1.5 
43 0.2 1 0 .2 1 2.0 
130 0.22 0 .2 [ 3.9 
130 0. 14 0.30 :11 
42 0. [6 0.21 1.7 
67 0.21 0.30 3.4 
97 0.19 0.17 1.7 
37 0.26 0 .30 2.8 
33 0.22 0 .18 2.2 
27 0. 16 0 .:11 1.9 
140 0 .JH 0 .28 2.1 
28 0.14 0 .32 1.4 
36 0.J I 0.17 1.2 
84 0.29 0.24 2.7 
54 0.1·5 o.,n 1.7 
9:3 0.19 0 .29 1.9 
79 0.13· 0 .34 1.6 
38 0.29 0.43 2.!J 
45 0.14 0.31 1.3 
63 0.14 0.41 1.3 
54 0. l8 0.34 2.2 
37 O.lli 0.29 I.G 
50 0.13 0.30 1.8 
210 0.31 0.58 2.9 
6:J 0.25 0 .42 2.7 
150 0.13 0 .26 2.1 
220 0.24 0.78 5.6 
31 0.19 0.35 2.1 
68 0.24 0.44 3.1 
86 0. 16 0.44 3.3 
110 0.14 0 .089 l.6 
70 0.096 0.093 1.3 
25 0.14 0.19 l.4 
35 0.15 0.25 1.7 
110 0.21 0.26 4 .0 
40 0.49 0.46 5.0 
41 0.25 0.24 3.J 
42 0.36 0.90 5.7 
72 0.32 0.20 3 .9 
OHIO DIVISION OF GEOLOGICAL SURVEY 
INFORMATION CIRCULAR NO. 55 
TABLE6 
Tl u V \V y Yb Zn Zr 
ppm ppm ppm ppm ppm ppm ppm ppm 
I-~ NA E NA 1-; NA WA E 
1.3 L 1.3 33 1.7 12 1.2 32 18 
1.r, L 1.4 25 1.3 7.2 1.2 22 19 
I.I L 2.l 38 l.fi 15 1.5 12 74 
1.4 L l.l 27 1.1 9.6 0.80 26 31 
0.95L 079 25 0.86 8.1 1.0 90 lO 
4.fi J, 12 95 2.0 24 3.0 13 120 
2.4 L 3.2 45 I.I 9.6 l.7 7.5 :J5 
1.4 L 11 :38 I.I 7.2 1.0 17 17 
2.0 L 6.8 41 I.I 14 1.6 240 37 
1.8 L 11 02 0.94 14 1.4 81 33 
1.8 L 9.7 46 0.98 9.0 0.99 18 28 
1.0 L 10 !JI 1.l .8.3 0.88 32 15 
11 4.1 17 0.99 4.9 0.48 ,27 15 
0.87L 2.8 3 1 0.55 8.6 OM 24 23 
2.9 L 3.5 til 0.80 5.0 1.8 38 27 
1.4 L 1.4 :JH 0.71 8.3 0.77 68 29 
1.r, L 2.0 29 O.!JO 9.9 1.;J 8.6 28 
1.:3 L I.I 29 1.2 7.8 I.~ 14 17 
2.3 L 8.:J fJO 1.0 II 1.:1 l(i 34 
1.8 L 2.6 39 I.I 9 ;J I I 9,:1 :)7 
5.7 I, ;J.4 79 1.8 23 4.3 6.8 440 
I.Ii L 1.9 2!; O.G5 9.2 0.8!l :t1 18 
1.4 L :J.9 32 1.0 13 1.7 36 2 1 
2.6 L 3.4 36 0.97 3 1 2.8 74 46 
0.99L 1.7 36 0.75 6.1 0.65 II 14 
0.881, 0.43 8.6 0.72 4.2 0.91 77 11 
1.4 I, 0.39 7.6 0.62 10 1.2 29 II 
0.62L 5.9 13 0.55 2.4 0.94 8 .7 ti.8 
:l.2 L I.I 1:J 0.34 10 0.7:J 12 :11 
08flL 0.64 14 0.90L 6.3 0.74 19 12 
I fi L :J. 1 27 0.90 18 2.2 24 2U 
14 L 2.0 2(i 0.80 j;J l.H 10 14 
I 7 l, ;!,:J 21 1.0 L [9 1.4 19 24 
0 811. 12 19 1.0 7.4 0.74 9.7 18 
1.5 L II 18 0.86 6.7 1.8 5;3 II 
1.3 L 9.2 18 0.39 8.3 0.87 20 18 
I.(; L 2.4 26 1.0 9.0 1.4 18 19 
l fi L 1.3 13 2.0 L 9.8 0.82 160 8.3 
1.2 L 6.7 20 0.77 9.4 l 4 28 17 
0.921. 1.6 7.!l 0.80 9. 1 1.4 21 12 
(J.90L 1.5 7.4 0.81 6.4 0.71 7.8 5.1 
0.941, 1.3 12 1.2 4.9 1.2 23 , 8.7 
0.8:JL 1.5 19 1.3 8.0 1.2 2G 12 
I 1 L 2.0 2:1 J.;i J;J I I 21l 19 
1.2 I.., l.fi 18 1.0 L 27 j,;J :J!i 23 
l I L 0.80 Iii 1 I 8.:1 O.i:I 5.:! 10 
·• 
1)8µ(. 0.9H 16 O.hH (iG 11 12 12 
1 H I, 4.!l 2~ 0.68 o.H 10 12 17 
2.:! I. :1.9 :IS 0,80 19 1.4 28 22 
I.I I. 2.7 20 0.70L 8.H l/.94 25 Iii 
Ui L 1.2 20 0.62 I ;J 1.4 ;14 22 
0 .721. 0.71 15 0.6 1 7.2 (1RH 8.6 12 
2.0 L J.Q '.HI OHO II 1.5 u 20 
oriGL IJ.76 17 O.liO 9.n 1.0 j(J H.4 
(J.7~L 1.2 12 1.0 L 6.8 O.H:! JO 8,(; 
I.I L 3.7 19 0.6.1 9.5 0.92 If, 17 
1.4 L 2.5 14 0.59 3.7 1.0 so 7.7 
2.7 L 3.7 32 0 .71 6.9 1.5 2:J 23 
0.671. 0.83 8.0 0 .41 G.4 0.5() ll 6.4 
2. l L 2.0 21 0 .61\ 7 .0 1.:) 13 19 
1.8 L l.8 20 0 .66 8.0 0.94 58 24 
0.92L 2. 1 17 1.0 L 7.2 O.li4 17 12 
0.89L 2.2 12 0.44 6.9 O.fi9 12 15 
Ui L 5.8 29 0.70 II I.I 29 26 
I.I L 1.4 JO 1.0 L 9.4 0.90 86 15 
1.r, L 1.2 18 0.6tj 7.0 0.80 54 15 
0.(mL 1.9 26 0.59 12 \).()7 (i.9 l5 
0.84L 5.9 15 0 .69 6,7 0.80 17 13 
1.2 L l.5 21 I.I JO 1.2 2 1 18 
0 .56 L 0.55 9.0 I.I 5.(i 0 l ti 7.8 7.:J 
0.87 L 1.8 13 0.61 10 I.I 36 12 
2.6 L 5.0 ;m 0.86 l5 I.fl 260 42 
1.5 L 1.5 18 1.0 14 I.!) 35 38 
1.2 L 8.8 19 0.66 9.8 I.I 13 20 
0.96L 2.9 16 0 .60 9.5 I.I 6.4 14 
1.:J L tin 14 0.77 4.8 0.64 81 8.5 
2.2 L 2.1 29 3.0 L 16 1.:1 2 1 25 
1.7 L 2.4 26 I.I 10 I.I 15 29 
O.!l9L 1.7 16 0.58 9.8 0.88 12 II 
2.1 L 3.7 29 1.0 15 1.5 27 29 
I.I l. 0.78 22 0 .80 13 0.76 15 55 
2.0 L 2.6 35 0 .96 14 2. 1 J9 27 
1.4 L 1.7 21 0.73 5.9 1.0 24 17 
2.:! L 6.5 37 0.60 6.7 1.6 26 22 
2.8 L I.S 41 I.I 13 1.7 30 33 
2. 1 L 2.0 33 0 .66 6.4 1.3 33 21 
1.6 L 0.43 20 0 .71 12 0.87 25 20 
0.871. 0.65 17 0.79 4.8 0.72 16 13 
1.7 l. 2.0 ;J4 0 .75 7.7 0.95 9.9 16 
1.2 L 2.0 43 0.63 9.8 1.2 18 16 
0.771. 0.54 12 1.0 6.2 0.74 II 12 
1.2 L 1.6 30 0 .47 6.5 0.96 19 16 
0.81 I. 0.69 19 O.fiO Ft3 061 li5 L3 
1.2 I, 0.84 16 0.69 4.9 0.98 3:J 12 
0.83L 0.73 18 0.56 6.3 0.76 12 21 
I.ti L 1.5 2l O.liO 10 0.9:J 2:1 24 
1.fi L 0.59 20 I.I 13 1.2 15 30 
l.l L 0.60 19 0 .78 7.9 0.81 19 15 
0.64L 0.70 13 0.67 4.2 0.34 10 9.0 
1.4 L 0.72 21 0 .70 5.6 0.79 II 17 
1.2 L 0.84 17 1.9 8.7 0.68 13 17 
1.6 L 0.84 18 0.80 6.7 0.75 18 14 
0.90L 0.62 15 1.4 7.6 0.90 30 13 
0.57L 0.79 9.J 1.2 4.0 1.2 68 7.4 
0.95L 0.61 ll 0 .9 1 7.8 0.66 52 9.5 
l.O L 0.51 10 1.6 7.3 0.78 58 9.0 
1.2 L l.7 29 1.9 9 .4 1.:1 41 21 
I.I L 0.61 la O.!iO 6.5 0 .66 34 JI 
0.9:JL 0.46 [5 0.77 7.3 0.87 19 II 
1.8 L 1.4 ;J() 0 .70 L7 1.5 32 35 
1.8 L 13 26 I.I 15 1.4 18 22 
14 l.2 19 0.61 10 0.98 64 16 
2.0 L 3.3 63 0.82 20 2.7 39 24 
1.0 L 2.l 14 0.72 3.4 1.3 35 8.7 
1.8 L 3.9 32 0.70 13 1.4 21 21 
1.0 L 2.2 39 l.2 12 1.5 21 16 
1.3 L 1.9 18 0.80L 6.4 0 .52 9.7 20 
1.4 L 3.1 14 1.0 4.3 0.40 25 16 
0 .83L 0.58 14 0.70 4.7 0.53 17 12 
I.I L I.I 15 0.42 6 .0 0.84 18 15 
1.6 L 3.7 28 1.7 7.3 0.90 7.6 22 
1.3 L 1.3 28 0.63 12 1.6 44 26 
1.5 L 1.2 32 1.2 7.8 0.97 41 22 
2.5 L 3.3 74 I.I 32 4.7 54 30 
1.9 L 8.5 36 0.98 8.2 0.96 16 32 
DGS Ash SiO, Al,O, CaO MgO Na,O K,O Fe,O, TiO, P20r, Sf, Ag Au lJ Ha He 
Township Seam ftle 
~; ·~ % 't 'X, % % '.I, % '\, a, ppm ppm ppm ppm ppm 
no. XA XA XA WA WA XA XA XA XIV XA E E E E E 
BELMONT COUNTY 
Goshen Cla rion (No. 4A) 1405 13.0 45 26 1.4 0.(l8 0.45 1.9 21 1.3 0.077L 1.7 0.54 6.SL 420 970 20 
Lowe r Kittann ing ( No. 5 J 1404 8.8 22 12 2. 1 032 0.49 0.78 55 0.85 0 .1 I L 2.6 0.46 fi.8L 450 140 22 
Midd le Ki ttan ning (No. 6) 1403 8.9 34 21 2.9 0.71 0.62 1.7 32 J.l 0.1 1 L 2.2 0.32 6.8L 460 610 19 
.,l\nd e rson 1402 15.5 25 ll 7.6 0.70 0.42 1.0 36 0.55 0.10 7.9 0.34 6.81, 220 11 ,000 20 
Pittsburg h (No. 8 ) 1401 11.4 37 17 1.6 0.66 0.40 1.8 37 0.85 0.18 2.1 0.50 6.8L 250 220 LO 
Meigs Creek (No. 9) 1400 15.8 46 14 3.2 2.3 0.5:3 2.1 22 0.84 0.063L 4.0 0.JOL 6.8L 4li0 420 4.7 
Kirkwood Quaker tow n (No. 2)'? 1409 14.6 48 14 2.8 0.40 0.34 I.I 28 1.4 0 .068L 1.4 0.48 6.8L 400 220 13 
143 1 11.0 42 22 1.0 0.13 0.28 0.55 26 3.1 0.44 1.4 I.I 6.BL 410 400 33 
Clari on (No. 4A) 1408 22.9 46 23 1.7 0.88 0.40 2.6 16 1.4 0.092 1.5 0.38 6.81. 300 190 14 
1430 17.6 GO 30 1.2 0.48 0.4:3 1.4 8.6 1.8 0.057L 1.3 0.79 6.SL 490 9fi0 17 
1430-1 56.6 74 18 0.29 0.15 0. 19 1.3 2.9 2. 1 0 .02fi 0.38 0.:11 fl.BL li\O 220 8.6 
Lo wer Ki ttan ning ( No. 5) 1397 13.8 43 4.9 2.8 0./ 3 0.34 0. 13 44 0.20 0 .15 2. 1 0.49 6.81. 3 10 45 24 
1407 6.2 49 27 0.69 I.I 0.42 2.8 14 1.5 0. 16 L I.I 0.42 6.8L 280 160 27 
1429 32.1 88 3.3 0.70 0.05 0.09 0.24 9.0 0.23 0.03/ L 0.68 0.25 6.BL 190 130 7.0 
Middle Kittanning (No. 6) 1398 18.7 47 2 1 0.99 I.I 0.61 3.0 21 1.2 0.053 L 1.8 0.25 6.8L 380 240 7.6 
1406 21.9 41 15 9.0 0.42 0.27 0.84 2 1 0 .90 0.046L 7.0 0.49 6.8L 300 140 29 
14 28 l l.3 37 21 2.3 0.90 0.51 1.9 28 0.99 0.fl88L 2.7 0.88 6.8L 500 260 27 
Upper Freepor t (No. 7) 1399 14.0 42 21 0.95 0.56 0.45 1.9 27 1.3 0.07 / L 1.3 0.40 6.8L 360 220 19 
14 27 21.5 46 27 0.90 0 .80 0.46 2.7 16 1.3 0. 18 I 4 0.48 6.BL 320 420 18 
And erson 1396 20.4 43 22 5.9 1.0 0.54 2.2 13 0.82 0.72 4.4 0.33 6.8L 230 380 17 
14 10 10.0 45 20 3.0 1.$ 0.51 2.8 20 I.I 0.18 3.6 0.24 6.8L 220 180 15 
1426 17.5 4 1 17 5.2 0.63 0.30 1.6 24 0.92 0.057L 5.0 0.47 6.8/. 280 280 2 1 
Richland Lower Kittan n ing (No. 5) 1447 8.9 45 23 1.2 0.55 0.34 1.6 22 1.4 0 .11 L 1.6 0.69 6.SL 480 310 21 
Middle Ki t t annin~ (No. 6) 1443 15.5 28 15 5.4 0.33 0.22 1.4 36 0.99 0.065L 5.4 0.71 6.SL 370 200 42 
York Brookv ille (No. 4) 1414 23.5 45 26 0.62 0.61 0.46 2.0 18 2.5 0.043L 2.2 0.49 6.8L 200 220 10 
Middle Kittanning (No. 6) 1413 7.2 35 23 1.9 0.53 O.:J J 1.5 30 1.3 0.14 L 0.95 0.80 6.8L 570 591J 28 
Upper Freepo rt (No. 7) 1412 27.5 48 21 0.83 I.I 0.40 2.8 19 0.94 0.036L 1.3 0.35 6.BL HiO 540 32 
Anderson 14 11 10.2 54 30 1.3 0.8fi 0.57 1.9 4.1 1.1 0.17 3.1 0.72 6.8L :390 730 4(i 
Nol designated 1462 13.2 56 29 0.63 0.5G 0.40 1.4 55 2.4 0.076L 0.70 0.70 6.RL 250 240 21 
CARROLL COUNTY 
Lee I Harlem 1450 8.3 53 21 0.77 I.I O.:J8 2.9 15 1.2 0.1:J 1.5 I.I 6.8L 580 400 19 
Rose Strashurg (No. 5A) 1449 14.3 27 13 1.4 0.50 0.24 1.3 47 0.97 0.09 1 0.88 0.94 6.8L 580 310 16 
COLUMBIANA COUNTY 
But le r Upper Freeport ( o. 7) 1439 20.7 45 21 0.87 0.66 0.2:1 1.7 25 I.I 0.097 1.6 0.54 6.8L :]60 190 13 
Center Mahonin ~ 1438 14.6 32 15 1.7 0.53 0.19 1.8 40 0.80 0.89 2.2 0.69 6.8L 400 360 14 
1440 9.0 49 21 1.2 0.80 0.38 2.3 21 I.I 0 .59 1.4 1.4 6.8L 700 560 34 
Elk Run Upper Free port (No. 7) 1466 1 15.6 33 19 I.I 0.4 1 0.27 0.82 38 1.7 0.064 1.7 0.66 (i.8L :]80 JOO ;J I 
1468 8.7 43 26 I.I 0.70 0.30 1.3 20 1.5 0.15 1.5 0.96 6.SL 400 220 l(i 
Mahoning 1467 1 5.7 53 22 0.87 0.% 0.28 2.4 13 1.2 0.75 1.4 1.6 6.8L 290 (;90 2G 
1469 9.5 32 15 0.80 0.53 0.28 1.3 42 0.82 0.24 1.2 1.9 6.8L 3:JO 210 l!l 
Franklin 1435 10.0 33 15 1.2 0.33 0.20 1.7 42 0.87 0.53 1.8 1.4 G.8L 4:)0 340 :J2 
Hanover Up per Freeport (No. 7) 1436 17.0 40 2:1 0.73 0.66 0.24 2.1 27 0 .99 0.23 l.2 0.71 6.8 L 450 320 24 
1441 12.2 :38 25 I.I 0.7(i 0.28 2.1 2(i 0.92 0.48 Ul 0.81 G.8L 700 4 (i0 23 
Mahoning 1442 l l.7 53 22 I.I 0.88 o.:1 1 2.8 14 1.3 o.:JO 1.2 1.9 68L 500 420 34 
Mad ison 1457 11 .2 40 17 1.9 0.71 0.20 1.8 ;3 I 0.87 O.JG 1.8 0.74 6.8L 350 380 18 
1458 9.3 40 22 1.0 0.71 0.22 1.6 26 0.82 0.11 L 1.5 0.48 6.8L 420 260 35 
Middleton Up per Freeport (No. 7) 1456 7.7 41 26 I.I 0.66 0.22 1.2 23 1.6 0.13 /, 1.7 0.81 6.8L 470 210 27 
West 1425 12.1 45 29 0.74 0.83 0.28 2.0 17 1.2 0.13 0.95 0.87 6.8L 500 240 34 
1437 8.1 55 28 0.97 0.70 0.27 1.8 7.7 1.6 0.28 1.2 0.49 6.81. 700 4:10 :)4 
Yellow Creek 1451 11.5 37 24 0.94 0.76 0.24 1.6 27 1.6 0.20 1.6 0.86 6.8L 300 t"i20 t r; 
GALLIA COUNTY 
Huntington Low('r Ki1tannmg l 10. f,) 1009 Jfi.2 28 19 2 4 o.:1:1 0.12 l,f, 42 ll.li4 0.2fi 2.2 0.:):J 6.8 L 480 250 20 
Mor~an Middl<' Kittanning (No. fi) 1010 20.4 4~ 26 Iii 1.0 0.41i :J.2 14 1184 1104~1. 2.:l o.:H, 6.8L 440 340 l fi 
Perry Clarion (No. 4A) 1008 16.4 36 19 2.4 0.71 0.51 1.9 30 0.99 0.0611. :J.I 0.47 6.81. 460 260 20 
Lower Kittanning ( No. 5) 1007 13.9 22 16 2.6 0.20 0.26 0.77 fi4 0 .52 0.079 2.9 I.I 6 .8 L f,00 180 Ii 
Mid d le Kitta nning (No. 6) 1006 5.5 37 28 3.3 0.38 0.42 0.58 21 I.I 0.18 /, 2.6 2.8 G.8L 7()() 210 :.7 
Rac<·oon Cla rio n (No. 4A ) 1003 14.0 37 2 1 0.99 0.20 0.34 1.3 35 0.92 0.071 1.6 1.0 6.8 L 900 150 [.'.j 
1004 25.5 28 26 1.6 0. / 2 0.36 0.30 38 0.28 0.44 2.3 0.39 8.0 320 200 19 
GUERNSEY COUNTY 
Adams Lower KiLtanning ( No. 5) 1486 17.2 26 17 2.4 0 .:15 0.28 I. I 44 0.85 0.25 2.3 O.i4 6.8L 500 290 11 
t rasburg ( No. 5A) 1485 11 .7 20 19 2.5 0.46 0.32 0.76 47 0.45 I.I 3.0 0.77 6.8L 500 4(1() 18 
Middle Ki ttanning ( 'o. 6) 1484 7.2 21 14 2.1 0.35 0.35 0.54 53 0.52 0./4 L 2.5 1.2 6.8L 600 350 16 
Lowe r Freeport (No. 6A) 1483 26.0 40 17 1.2 0.56 0.19 1.7 34 1.2 0.16 1.6 0.75 6.81. 200 34() 1:3 
Cambridge Not designated 1502 14.5 51 34 0.62 0.85 0.57 2.7 2.0 1.2 0.0691, I.I 0.42 6.8L 780 :370 18 
Jackson Lower K ittanning (No. 5) 1495 8./ 3 1 20 6.1 0.46 0.44 0.91 31 l.l 0.2 1 6.1 0.85 6.8L 700 90 lfi 
Middle Kittanning (No. 6) 1494 11 .2 3 1 17 13 0.56 0.30 1.3 21 0.59 0.21 8.0 0.55 fi.8L 520 240 25 
Lowe r Freepo rt (No. 6A) 1493 15.3 41 17 3.0 0.41 0.19 1.4 30 1.3 0.21 2.5 0.5 1 G.8L 500 150 29 
Uppe r Freeport (No. 7 ) 1492 8.:l 47 27 0.84 0.58 0.31 1.9 18 1.7 0.12 L 1.0 0.65 6.8L 640 290 22 
Jefferson Brovkville (No. 4) 1476 13.9 48 24 5.;J 0.60 0.47 1.8 9.3 1.4 0.11 :3.8 0.69 6.8L 520 1,rnx, 24 
Lower Kittan ni ng (No. 5) 1475 15.2 38 16 3. 1 0.38 0.38 1.2 33 I.I 0.066 L 2.6 0.60 6.8L 4:JO 110 14 
Middle Kittan ning (No. 6) 1474 14.3 35 19 l.O 0.50 0.32 1.6 35 0.89 0.070 2.0 0.65 6.8 L 510 110 13 
Londo nderry Qu a kertown (No. 2)? 1470 14.3 54 24 0.69 0.78 0.51 2.4 10 1.8 0.070 L 0.85 0.50 fi.8 L 430 420 33 
Lower Kittannin g (No. 5) 1465 12.7 20 9.8 5.7 0.48 0.36 0.79 50 0.55 0.0791. 5.2 0.92 6.8 L 520 160 2 1 
Middle Kittann ing (No. 6) 1464 26.7 44 21 I.I 1.3 0.45 3.2 20 I .I 0.060 2.0 0.2fi 6.RL 280 220 2 1 
Lo wer Freepo rt (No. 6A) 1463 11.9 33 17 1.6 0.51 0.46 1.2 39 1.3 0.084 L 0.80 0.80 6.8 L 540 150 7 1 
Upper Freeport (No. 7) 1459 16.J 43 JO 0.55 0. 18 0 .19 0.45 4 1 0.80 0.062 L 0.78 0.82 G.8L 300 120 40 
Monroe Middle Kit t anning (No. 6) 1480 6.7 17 13 6.3 0.48 0.46 0 .52 48 0.55 0./5 L 7.4 1.4 6.8 L 600 170 30 
Not d esignated 1481 24.6 46 32 0.53 0.60 0.49 2.4 14 I.I 0.04 1L 0.63 0.43 6.8L 260 390 66 
Ox ford Bedrord 1454 45.4 56 26 0.57 I.I 0.59 2.8 4.9 2.4 0.03 1 0.98 0.37 6.8L 230 280 13 
Brookville (No. 4 ) 1461 19.6 47 23 2.3 I.I. 0.69 2.(i 15 1.4 0.051 L 3.0 0.54 6.8L 370 360 20 
Mid d le Kittanning (No. 6) 1453 20.7 45 22 0.78 1.2 0.61 2.8 2 1 1.2 0.048 1.9 0.32 6.8 L 400 300 10 
Lower Freeport (No. GA) 1452 9.6 42 21 2.6 0.65 0 .38 1.5 24 1.5 0.84 1.8 0.6 1 6.8L 680 260 40 
Wilgus 1460 18.4 3 7 16 4. 1 0.91 0.43 2.0 29 0.82 0.12 3.4 0.5 1 G.8L 290 1,200 26 
Richl a nd Lower Kittanning (1'0. 5) lfi05 16.0 48 23 1.8 0.88 0.45 2.0 16 I.I 0.063 L 1.8 0.53 6.8L 500 240 17 
Middle Kittann ing (No. 6) 1504 18.1 43 21 2.7 0.90 0.40 2.0 23 1.0 0.055 1.9 0.48 6.8 L 4,10 210 14 
Lower Freepor t (No. 6A) 150:J 12.5 25 13 1.3 0.43 0.16 I. I 53 0.62 0.080/, 1.4 0.8 1 6.81. 500 I JO 38 
Not. desig11 aLcU 1506 19.0 45 25 4. 1 0.75 0.40 2. 1 11 1.3 0.084 3.2 0.74 6.8 L :J50 490 18 
Spencer Quakertow n (No. 2)? 1500 9.5 43 29 1.2 0.71 0.88 2.3 19 l.l 0.1 1 /, 1.5 0.90 6.8L 6'10 240 33 
Middle Kittan ning (No. 6) 149 1 9.2 29 18 1.9 0.40 0.53 1.3 42 0 .87 0.1 1 L 2.0 I.I 6.B L 400 2(\() II 
1499 8.9 27 18 2.5 0.4 6 0.46 1.3 45 0.72 0. 11 L 1.9 0.65 6.B L 680 210 2 1 
Lower Freeport (No. 6A) 1490 22.3 33 16 6.4 0.75 0.47 1.8 29 0.67 0.20 7.6 0 .57 6.8 L 270 520 18 
1498 17.0 43 20 3.7 0.53 0.66 1.5 26 1.2 0.21 3.0 0.51 6.8L 380 3:30 15 
Upper Freeport ( No. 7) 1497 15.6 38 17 5.6 0.58 0 .39 2.0 28 0.87 0.64 5.1 0.44 6.8L 460 G50 15 
And er son 1489 12.6 39 16 13 1.0 0 .47 I.I 13 0.79 0.12 9 .8 0.45 6.S L 450 1,400 14 
1496 14.0 29 12 II 0.60 0.27 I.I 32 0.55 0.29 6.5 0.55 6.8 L 370 290 8.5 
Valley Lower Freeport (No. 6A) 1482 9.9 27 17 .1 .4 0.36 0.23 0.90 47 0.72 0.10 L 1.7 1.1 6.8L 400 2:10 45 
Washingto n Brookville (No. 4) 1473 18.l 55 28 1.3 0.85 0.45 2.3 5.7 1.6 0.055 L 1.0 0.63 6.8 L 510 520 27 
Middle Kittanning (No. 6) 1472 16.2 43 20 2.6 I.I 0.49 2.7 21 I.I 0.068 3.4 0.55 6.BL 400 400 20 
Lowe r F'reepor t (No. 6A) 147 1 20.5 38 17 1.0 0.75 0.23 1.8 35 0.94 0.12 1.3 0 .90 6.8 L 440 230 27 
Westland Lowe r Ki t t a nn ing (No. 5) 1488 15.0 9.5 6.9 3.4 0. 13 0 .19 0.3 1 67 0.27 0.067L 3.2 1.2 6.8L 420 140 68 
Middle Kit tannin g (No. 6 ) 1487 10.7 3 1 18 l.l 0.45 0.40 1.3 4 2 0.92 0.093L 1.4 0.75 6.8L 6()() 220 II\ 
Wills Brookville (No.4) 1479 17.7 5 1 28 2.0 0.8 1 0.47 2.4 8.4 1.5 0.057 2.0 0.45 6.8L 420 H20 16 
Lower Kit tanning (No. 5) 1478 12.2 29 14 2. 1 0.33 0.30 0.73 46 I.I 0.15 2.3 0.91 6.8L 640 110 22 
Middle Kittanning (No. 6) 1477 14.9 36 18 1.8 0.78 0.43 1.8 34 0.80 0.0G7 L 3.0 0.60 6.8 L 500 250 16 
HARRISON COUNTY 
Monroe I Upper ~' reepo r t (No. 7) 1455 10.7 36 17 1.9 0.65 0.38 2.0 34 0.90 0.92 2.5 0.47 6.8L 640 210 l(j 
JACKSON COUNTY 
Bloomfield I Sharo n (No. I) 1005 12.7 42 32 0.67 0.58 0.61 1.6 13 l.l 0.079 1.5 1.7 6.8L 350 260 37 
JEFFERSON COUNTY 
Ross I Upper F'reeport (No. 7) 1445 6.4 29 22 1.4 0.30 0 .26 1.0 37 1.2 0.30 J.8 0.90 6.8 L 520 150 22 
Mahoning 1446 17.5 44 22 3 .3 0.81 1.5 2.6 L4 I.I 0.21 5.5 0.35 6.81. 320 970 19 
Springfield Lower Freeport (No. 6A) 1444 10.7 3 7 19 1.5 0.36 0.22 1.2 32 1.3 1.2 2.1 0.74 6.8 L 540 750 24 
MUSKINGUM COUNTY 
Wayn e I Upper Freepo rt (No. 7) 1359 14.3 34 22 3.2 0.63 0.32 1.4 29 1.3 0 .17 1.9 0.46 6.8L 580 460 12 
SfARK COUNTY 
Bethlehem Stra,;bu rg (No. 5A) 141 5 I 1.2 27 12 1.7 0.71 0.35 I.I 47 0.64 0.13 1.2 1.0 6.8 L 800 :J40 20 
Middle Kitt anning (No. 6 ) 1416 6.9 39 29 4.2 1.2 0.3 1 2.2 II 1.3 0.35 1.6 2.0 6.8L 130 1,300 39 
Osnaburg Lower Kit t anning (No. 5) 14 19 9.2 18 10 1.2 0.36 0.2G 0.76 58 0.59 0. 11 L 2.9 I.I fi.8L 620 150 26 
Middle Kitt anning (No. 6) 1420 8.4 37 24 0 .97 0.65 0 .27 1.8 28 1.3 0.12 L l.7 0.96 6.8L 680 190 34 
Lowe r Freeport (No. 6A) 1421 19.5 52 24 0.8 1 0.78 0.20 2.5 13 1.6 0. 17 1.3 0.43 6.8L 420 470 25 
Par is Lower Kit tanning (No. 5) 1433 9.0 12 8.6 1.7 0.30 0.3 1 0.23 66 0.28 0. 11 L 2.5 1.4 6.8 L 700 200 38 
Mid d le Kitt anning (No. 6) 1423 11.5 4 1 25 0.84 0.96 0.3 1 2.2 23 1.5 0.087L 1.3 0.95 6.BL 500 330 28 
Upper Freepo rt (No. 7) 1432 11.8 46 18 6.3 1.2 0.23 2.6 16 0.92 3.5 2.2 0.67 6.8L 600 490 2 1 
Pike Brookville (No. 4 ) 1418 JO.I 47 29 3.2 l.2 0.55 2.0 10 0.87 0.099L 4.9 0 .84 6.8L 900 250 28 
1434 9.2 25 15 2.3 0.50 0.39 0.73 47 0.67 0.11 L 3.8 1.2 6.8L 700 280 2G 
Lower Kit tanning ( No. 5) 1386 9.4 35 22 1.2 0.45 0.40 0.93 33 I.I 0.J J L 1.9 0 .90 6.8L 680 120 23 
14 17 8.3 4 1 27 1.3 0.56 0.5 1 1.1 24 1.2 0. 12 L 11 1.0 68L 1,000 150 30 
Sandy Brookville ( No. 4 ) 1424 8.7 46 31 3.3 0.68 0.71 l.5 7.1 J.l 0. 11 L 4.0 0.70 6.8L 720 390 28 
1424-1 29.2 4 2 3 1 0 .53 0.08 0.09 0.45 15 1.7 0.034L 0.83 0.48 6.BL 280 74 9.4 
1424-2 13.9 30 22 J.l 0.28 ,0.20 0.59 40 0.70 0.072 L 1.9 0.84 6.8L 580 250 2 1 
Sugar Creek Middle Kittan n ing (No. 6) 1422 5.6 3 1 20 2.3 0.48 0.62 0.58 38 0.89 0.20 3. 1 1.0 6.8L 2,000 150 35 
TUSCARAWAS COUNTY 
Sandy I Middle Kittanning (No. 6) 1448 8.7 20 12 5.5 0.46 0 .35 0.79 48 0.62 0. 11 L 5.7 1.3 13 620 440 26 
VINTON COUNTY 
Knox I Brookvi.lle (No. 4) 1002 15.3 49 28 0.80 0.25 0.54 0.95 12 2.0 0.092 1.5 0.54 6.8L 500 100 18 

































































































































TABLE 7.-Major wnd minor o.rid.e and trace P/ement cmnposition of the /aborato,:l! ash, /Jy cm111ty 
Key to symbols: 
Method (column heads): 
E by emis.-,1on '.':>peC'trography on ash 
NA by neutron a1.·livauor on whole coal 
WA by wet chemi~I ry on ash 
XA by X ray nuorescence on ash 
XW by X ray !luOrP"-Cence on wlwle r·oal 
H not determined due to intcrferf'rn.:t· 
L less than value- shown 
? - bed designation tentative 
1 
- values for sample nos. 1466 and 14fi7 probably :-.witdwd, has('d on 
corresponde11ce ufash values wilh proximal!.! ultimale a.sh \'aluP!; 
Analyses were performed by the U.S. Geological Suney. The coals \wre ashn1 al 525"C for major, mimir, a11d tracP elrment 
analysis. Thrseval11C's may not agree exactly \,.'ith ash values iri .standard proximal() analysi'i Th(' analytical program of the U.S. 
Geological Survey is pedodically revised and improved . Thl' valul':-. rt.'l>LHtl'd repr~sem the> bes1 data availahle al. 1 hl-.' llm<.' of 
manuscript preparation. Those detC'rminations made by wet <'ht~mist ry arc quantitativr; th<' remain mg ffi ('l horl" are 
considered semiquantitative. '''The precision and accuracyof l hceompul~rsperrrograµhil' valUl'!>t(E) ai e wH hin 01w brat·ket al 
68% confidence level and Lwo brackC'ts at 95"..., co11fidP nre levC'I. ThC' braeket ~ logarithmically dcfinrd w, •f>o" ... :i:n, of value 
reported" (U.S. Geological Survey, written com mun., 1979). A.'ih figur(: i'- percentage or total (·oal, S0:1 fi~urr only .,how!'. sulfur 
retained by the sample on ashing. Values forS in the whole coal should be taken from the proximate ultimate analyses (tab/cs3 
and 4). 
The following clcmcnL'i were looked for by emis.sion spcctrographir analysis of the ash and w,•n• 1101 found· In Ir. 0-;, P<l, Pt, 
Re, Rh, Ru, Te, Tm. 
Cd Cc Co Cr Cs Cu Dy Er Eu Ga f.d Ge Hf llo I.a Li Lu 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm pJ>m ppm ppm ppm 
WA NA NA NA NA WA E E NA E E £ NA £ /\A WA :-,/A 
0.28 160 66 200 9.4 92 22L LI ~ :l 1:111 !l2L 110 5.2 !i.HL n JOO 0.fl 
2.3 75 24 110 2.4 90 22L 4.61. 2.3 76 :321, 100 3.0 H.81. :l7 44 1.2 
0.50 120 30 170 9.8 95 22L 18 ~ 3 fifi 32L 88 4.fi ti.~I. fill 120 1.2 
l.fi 110 62 110 5.9 84 22L 4.6L 3. 1 44 32L 9 1 2.6 G.8L 57 50 0.G 
0.76 110 78 140 8.4 42 29 4.6L 3.0 42 32L :]2 3.9 6.81. 60 H 0.1 
0.14 82 18 140 II 58 22L 4.6L 2.2 35 !l2L :12 4.,) 6.8L 41 32 0.7 
0.18 180 74 210 14 59 22L 4.6L :l.6 15 L :32L 49 6.8 ti.RI. JOU 17 1.2 
0.32 580 55 320 2.1 270 38 25 9.1 H 57 56 13 ti.HL !J5ll JOO 1.3 
0.58 99 26 180 9.8 58 22L 4 .6L 2.1 15 L 32L 74 5.4 Ii.ML 5n 46 1.0 
0. 10 190 2:1 220 4.4 120 22L 4.6[, 3.6 77 32L 34 5.5 6.8L 9:3 150 0.6 
0. 10 120 7.3 100 3.1 46 22L 4.61. 2.:i 41 32L JO 13 !i.8L (Hi 70 0.8 
0.72 36 15 42 0.36 67 22L 4 .6L 1.4 47 32L 110 o.nL 6.HL 14 10 1.0 
0.34 210 46 240 6.3 130 22L 4.6L 4.5 15 L :32L :JS II H.8L 110 280 2.4 
0.10 17 6.7 26 0.69 48 22L 4.6L 0.78 5.1 32L ;J:J fl 78 fi.HL qo 12 02 
0 .20 88 14 120 13 73 22L 4.6L 2.0 44 32L 16 4.2 6.HL 4$/ 120 0.6 
0.54 110 25 130 1 1 61 26 4.6L 2.1 15 L 32L 140 4.8 fi.8L 50 8() 1.2 
0.60 120 32 140 7.3 100 221, 4 .nL 2.8 H 321. 98 :l.n 6.81. f>8 160 0.8 
0.60 130 81 160 9.9 120 22L II 2.8 52 32L 2:J r,.J !i.8L 71 71 0.9 
0.32 130 30 160 13 120 22L 4.61. '2..7 73 32L 29 4.9 fi.8L 66 220 0.7 
0.64 220 24 150 LI 260 22L 4.6L 6.4 56 32L :JS 4.3 0.8L 1:10 J(jQ 1.8 
0.26 140 33 150 6.6 52 22L 4.61, 3.5 15 L 32L 58 5.2 fi.8L 8:J 200 1.9 
0.32 93 14 120 8.2 140 22L 4.61. 2.7 :J5 :J2L 41 :l.fi !i8L l\l 120 0.7 
0.60 120 56 150 4.7 110 22L 4.6/, 2.8 42 48 36 :i.8 6.HL fil H>O 1.0 
O.fiO 90 23 110 7.6 80 22L 4.6L 2.6 H 32L 51 4.0 fi.8L 4~ ti5 1.0 
O.IG 150 18 2 10 6.3 ss 22L 4.6L 2.5 70 32L 27 RO ti.HJ. 8() 86 1.0 
0.60 120 34 190 6.7 61:l 22L 4 .fiL :J.tl II 53 100 4.n (i8J. F,f) 77 1.4 
0.54 100 20 120 12 51 22L 4.6L 2.2 3:3 32L 2:J :3.!J !i.HL ;,:J 5fl 0.8 
0.80 330 77 230 16 130 30 4 .61. 7.7 87 29 130 li.2 JO liiO JOO 1.8 
0.90 240 83 190 3.9 230 22L 4.6L 4 .8 52 32L 2:1 9.9 ti.HJ. 120 120 1.4 
0.40 110 150 120 8.2 66 22L 4.61. 2.5 38 321. 100 48 ti 81. ;,7 :16 0.9 
0.40 100 59 I 10 5.6 63 22L 4.GL 2.9 H 65 130 3.{l ii.HI. 47 45 1.0 
0.52 160 48 140 8.5 130 22L 4.61. 3.0 36 32L 1:1 4.4 (i.81. 84 110 0.7 
0.32 JOO 56 110 7.1 80 22L 4.6/. ~.fl II :J2L 27 :1.a 6.81, 56 48 O.fi 
2.0 150 190 150 7.2 77 22L 4.GL 4.6 82 32L 120 52 fr8J. 81 39 1.2 
0.36 66 16 6fi 1.5 120 22 L 4.61. 1.9 Ii :J2L 110 2H fi.81, ;l) 1:IO 0.7 
0.40 140 28 170 6.3 110 22L 4.GL 2.8 G7 :J2L · 70 {i.O fi.8L (i(3 150 0.7 
5.3 560 290 320 23 100 22L 4.(il. 8.8 47 :J2L 76 12 !i.HL 2:Jo 72 2.7 
2.0 140 110 110 5.4 82 22L 4.6L :J.9 Ii 321, 76 3.7 !i.8L (i!) ;J4 1.2 
1.4 160 150 140 6.:J 100 22L 4.6L 4.4 H 32L 130 4.1 6.8L 87 :18 1.0 
0.24 150 18 140 8.fi 97 22L 4.6L 2.5 40 :J2/, 12 :J. I (i .81. 88 66 0.7 
0.64 240 59 170 9.8 JtiO 22L 4.GL 4.6 8!i :J2L 130 3.4 JI 140 1r, 1.3 
2.0 160 HiU 180 II 96 22L 4 6L :rn 87 :l2L lflO G.4 ti.HJ. Rfl 49 1.2 
0.60 110 60 110 8.6 86 22L 4.6L 2.7 H 32L :12 3.8 6.81. !) J 39 0.6 
0.40 200 100 110 6.f) 70 22L 4.(lL 4.4 42 :J~L S~I :1.2 681. 100 70 1.0 
0.24 170 4fi 160 4.4 120 22L 4.HJ. :].(j fi4 :UL f>l !"').2 <i.~J. 7 I 1711 1.2 
O.f>4 240 ,;o 190 12 1:;o 2~L 4,(il. 4.t; 51 :l2L IH 4 Ii ti.81. 1:10 
I 
~:-1 I 0 
0.32 220 21 180 10 39 22L 4.61. :1.1 f)(j :J2L :n fi.4 6.81. 120 HI I 0 
0.50 140 40 170 7 ') 120 22L 4.61. :J:l 4:1 :121. :.!9 li.7 li.81. (jfj 150 I.I 
0.50 140 49 120 4.6 78 37 4.6L 4.1 67 48 20 3.:1 6.81. tj{i 64 J.8 
0.56 120 28 130 II 110 22L 4.6L 3.0 51 35 17 3.9 6.8L 64 79 LO 
0.66 79 2 1 120 II 54 22L 4.6L 2.2 49 58 31 4 .0 6.8L ;37 34 0.6 
0.56 1 10 21 LIO 3.6 80 30 4 6L 2.(-i 59 i;J 37 2.2 6.81. 29 4 .5 I 7 
0.78 150 82 230 1.8 JfiO 61 46L fi.8 97 6/i :120 fi.fi 681. fif) 8G ~.~ 
0.20 100 74 150 7.9 130 22L 13 :3.fl f)(J 411 1:m 4 :1 fl.HI. J:J rn I 6 
1.2 120 93 81 0.98 48 44 4.fiL 4.f. 4:l 4:1 42 2.H (i.81. :l4 l :J(J 1.:1 
0.38 100 21 110 4.2 52 54 4.61. 2.8 H 72 48 4.0 {i.81. 50 77 OJJ 
0.65 88 92 620 2.4 ;)~ 92 4.!i/. 12 H 86 2:1 3.5 6.8L 211 7o 2.2 
0.40 120 47 130 ?" _ ,i) 54 22L 4.6L 2.9 H 52 73 2.9 6.8L Gli 8:) 1.0 
3. / 95 23 120 7.7 Sfi 221. 4.fiL 1.9 33 70 fifi 5.0 6.8L 52 49 0.7 
0.75 140 G4 200 14 110 22L 4.6L :J.O 81 321. 65 Ii.I 6.8L 74 I YO 1.0 
0.58 110 27 140 2.3 190 22L 4.!iL :J.2 II :121, 21 5.:J 6.HL f,I) 56 0.6L 
0.68 82 28 130 5.4 120 22L 4 (ii. 2.i ;16 :J2L 57 :J.O !i.HL 4~ 76 11 
0.90 210 25 110 4.9 69 22L 4.!iL !J.2 H 32L 42 fi.~ fi.HL !-lfJ 64 1.2 
0.68 150 57 190 8.8 150 22L 4.6L :J.3 51 :J2L !i2 6.5 6.8L 85 110 1.2 
0.52 l 10 25 220 8.1 120 38 4.(jL ;1.1 1:m :J2/, 1111 5.!-l fiHJ. !i2 I JfJ 04L 
2.0 62 160 120 3.7 5fi 22L 4.flL :l.2 30 :J2L fi2 :l.8 ti.HJ. 21 140 1.5 
2.0 82 29 140 6.3 74 22L 4.!il. 2.4 41 32L 45 3.9 r,.HJ. !)0 83 1.0 
0.40 110 60 140 9.5 110 22L 4 fiL 2.4 120 32L 53 7.(i fi.HJ, G7 230 0.8 
0.36 71 26 77 2.5 GI 22L 4.fiL 1.7 H 32L 100 2.:1 6.81. '!.7 28 0.6 
0.16 130 24 120 13 64 22L 4.fiJ. 2.1 22 :J2L 23 4.(i (i.81. ll6 200 0.7 
0.24 140 25 130 4.5 70 22L 4.6L 3.2 H 321, JO(J 5.2 6.RL !}f) 76 l l 
0.24 75 73 96 2.0 110 22L 4.6L 2.:J II 32L 100 3.1 6.8L :JI 37 0.8 
0.44 87 36 570 2.1 68 22L 4.6L ;l.4 H 51 250 2.8 ti.SL :)7 120 0.8 
0.54 160 40 370 15 JOO 50 18 4.;J 69 68 87 4.2 li.81. H7 80 26 
0.10 200 7.6 200 8.4 170 22L 4 .61. 2.6 69 32L 2:J 9.3 6.81, 90 110 0.9 
5.6 120 26 150 12 120 22L 4.fiL 2.G 130 32L 200 5.5 U.81. 5:J 140 0.9 
0.12 120 15 120 13 61 22L 4.6L 2,fi 36 32L 18 5.3 !\. L =l8 230 0.8 
0.12 240 48 140 6.1 85 22L 4.6L (i.7 41 32L 28 fi8 8.0 110 81 1.4 
0.16 9 1 31 110 JO 70 22L 4.6L 2.5 H 32L (j:j 3.0 6.8L 33 65 0.8 
0.46 120 16 100 7.2 110 22L 4.6L 2.8 55 32L 100 5.:J (i.8L fi(i 1:io I.I 
0.85 93 23 110 8.3 72 22L 4.GL 2.1 :l6 :J2L ;J(i 4.3 6.HL 48 240 0.8 
1.3 62 22 86 3.9 64 22L 4 .6L l.7 H 32L 6fi 2.6 6.SL 28 39 0.7 
0.20 100 19 160 7.1 q4 22L 41\L 2.0 89 :l2L 81 R.2 6.8/. 4H 110 0.6 
1.8 93 190 220 9.7 150 22L 4.6L 2.f, 74 32L 65 4.9 G.81, (i/ 96 1.6 
0.60 72 35 170 5.8 120 62 4.6L 2.5 /[ 69 57 4.1 6.81. :14 82 0.8 
0.68 100 32 110 5.6 100 22L 4.6L :J.O /[ 32L 61 3.2 6.8L 41 87 1.3 
0.20 120 34 92 4 .7 46 221. 4.61. 2.!i :m 8!) (i(l 2.R f\81. 72 85 07 
0.44 87 21 120 5.4 68 22L 4.6L 2.2 31 321. ti/ 4.8 6.81, 49 160 1.0 
0.50 110 43 110 7.1 88 22L 4.6L 2.9 24 :121. 38 4.0 f\8L (i/ 47 I.I 
0.12 74 23 LIO 4.3 69 22L 4.6L 1.6 3 1 :J2L 150 3.6 6.8L 43 69 0.5 
0.78 68 34 74 4.9 46 22L 4.!iL 1.:l H :J2L 93 2.3 6.8L 36 26 0.5 
0.38 96 5:1 !:JO 4.9 6/\ 221. 4.6/. a.Fi H 48 81) :l.4 6.81. 42 100 1.0 
1.3 120 30 220 12 150 22L 4.6L 3.6 130 32L 170 fi.5 6.BL 45 150 1.0 
0.40 140 19 110 13 60 22L 4.6L 2.8 58 53 (i2 4.6 6.81. (i4 210 0.9 
0.26 JOO 18 120 8.6 J:J(I 22L 4.(iL :J.0 H 48 52 :3.2 6.8L 48 110 09 
2.9 71 140 65 1.3 L :37 22L 4 6L 2.4 H 7:) ,no 1.2 6.81. 28 19 07 
2.5 53 30 140 LI 95 22L 4.6L 2.4 Ii 3!'i 68 4.5 6.8L 27 120 1.0 
0.52 l 10 22 200 9.8 63 22L 4.6L 2.5 76 :J2L 39 5.7 ti.SL 47 JfiO 0.5 
1.7 67 95 110 2.0 75 22L 4.6L 2.6 II 32L I 1(1 :J.,J 6.8L 2(i 45 1.5 
2.0 93 58 100 7.9 78 22L 4 6L 2.0 II 32L !J2 3.2 6.HL 49 88 0.7 
0.40 LIO 29 130 7.5 71 22L 4.6L :J.4 II :121. 55 4 .0 G.8L 48 42 0.8 
1.0 230 130 220 8.7 130 22L 4 ti/. ,U 110 49 200 4.7 II 140 160 1.3 
0.38 150 :J8 160 4.7 J;JII 22L 4 liL 2.8 II 32L !\8 :rn fi.HL 76 80 08 
0.38 110 31 120 9.8 56 22L 4.6L 32 39 32 38 4.7 6.8L 56 71 1.0 
0.32 150 39 140 3.4 89 22L 4.6L 1.6 H 49 57 4 7 6.8L &l 73 1.0 
0.28 130 22 160 8.0 88 22L 4.6L 2.4 67 32L 47 5.0 fi.8L li8 140 0.6 
0. 16 7 1 16 96 3.8 57 55 4.6L 2.9 H 32L 45 2.9 6.8L :it; 27 0.8 
0.54 160 40 140 6.8 ;)80 74 4 .6L 4.6 73 37 66 :J.9 1:1 ti7 I 10 11 
0.60 72 94 95 4.0 110 22L 4.6L :J.8 H 32L 92 2.9 fl.RL ;34 25 1.7 
0.40 JOO 26 140 8. 1 110 22L 4.6L :1.5 II 32L fi7 4.:l fi.HL 41 JOO 08L 
0.24 200 29 170 13 140 22L 4.6L 4.3 4:J 32L 66 6.6 fi.RL 100 150 1.2 
0.24 69 51 64 0.89 34 22L 4.6L 2.3 H 321. 200 2.2 L 6.81. :JI 20 1.0 
0.80 130 27 190 13 88 22L 4.fiL ;J.li 63 32L 46 h.5 ti.BL !)(j 140 1.:1 
0.54 1 10 76 120 II 41 22L 4 .6L 2.6 61 12[. JOO 4.2 6.81. 62 30 0.7 
2.0 92 82 200 4.9 79 22L 4.6L 3.1 150 ;l2L 150 3.8 6.8L :3 I 56 0.7 
0.92 6:J 44 170 3.3 53 22L 4.61. 2.2 II 32L 210 :J.8 fi.81. 20 4:1 0.5 
0.68 110 60 150 5.9 130 22L 4.6L 3.6 70 :J2L 1:10 4.9 tl8L !5l 85 l.4 
2.0 120 63 190 7.5 100 22L 4.6L 4.:) 84 32L 200 4.8 6.8L ;J3 77 1.9 
0.80 110 46 280 6.4 130 22L 4.6L 2.9 110 :35 43 6.7 7.b 47 )50 0.9 
0.32 72 97 3LO 2.0 JOO 22L 4.6L 1.7 93 32L 6.8 8.3 6.BL ~, 180 0.6 
1.0 29 IW 230 14 L 80 22L 4.GL 22 L H :l2L 200 7.2 L fi.8L 23 170 0.4 
0.60 170 39 130 1.8 80 22L 4.6L 3.8 H 32 72 :l6 6.8L 92 39 1.3 
1.2 66 19 93 3.3 91 22L 4 6L 2.2 H 32L 2:JO 3.7 6.8L 'l.7 47 1.7 
0.56 180 76 190 3 .3 120 22L 13 3.8 47 22 34 7.8 6.81. 92 80 I.I 
056 150 37 250 3.5 150 22L 4.6L 3.1 74 56 25 4.0 6.RL 8(i 180 0.8 
Mn Mo Nh Nd N, Ph Pr Rb &· Sm Sn Sr 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
WA E E E E WA £ NA lsA , A E r~ 
61 14 14 89 220 50 140 ~8L 4fi lfi 4.6L :lHO 
180 52 12 32L 150 150 IOOL 230L 29 9.0 H 220 
210 26 12 50 100 40 JOOL 130 :i1 14 4.6L 270 
(i(){) 88 12 '.J2L 150 90 IOOL 130L 21 10 4.GL 940 
160 28 15 :121, J;)O 20 J()()J, 110 26 II II :110 
150 13 17 :J2L 67 :JO 1001, 110 22 8.5 4.6L 720 
130 24 21 40 140 47 IOOL 140 4fi 15 14 290 
24 II JOO 310 260 2 10 170 450L 76 34 H 1,800 
200 41 20 8:J 98 !JO IOOL 150 :J5 9.1 4.6L 270 
110 15 37 170 97 51 IOOL 170L 39 15 ll 430 
24 4,5 45 80 28 40 JOOL 88L 18 9.9 II 220 
130 50 16 32L 210 40 JOOL 140/, 9.1 5.1 H 140 
73 8.8 20 fi5 150 120 JOO/, 320L 47 20 4.6L 200 
29 :rn 14 321, 56 22 IOOL 9:31, (Hi 2.4 4.6L 40 
78 12 10 :J2L 65 :JO IOOL 140 23 7.5 4.6L 250 
79 77 17 56 120 47 1001, 120 27 8.3 9.1 u!iO 
170 II 24 JOO 120 46 JOOL 3fi0L 29 9.8 H :lflO 
9(i 29 15 ;39 110 70 IOOL 9:J 27 II 4.GL 250 
87 22 18 56 98 5;J JOOL 1:10 :JO LI 4.6L 520 
370 42 14 100 150 52 IOOL 130 43 23 4.fiL 1.100 
140 12 JO 32L LIO !JO JOOL 200L 3 1 J:J 9.2 :110 
460 64 20 84 110 :m IOOL 2!)01. 2fi JO 4 Iii. :mo 
58 l fi 22 7(i 220 91 IOOL 340L :3:J JO 4.(iL :JGO 
450 II 17 62 120 52 IOOL 260L 26 9.0 H .J70 
43 14 :)0 85 98 65 IOOL 77 :36 9.7 l fi 2 10 
140 /[ 24 1:10 140 2$} 1001. 14!lL 4fi I~ II 400 
120 4.7 18 71 Ill() 4:J IOIJL 140 22 8.7 4 .GL 270 
64 130 ,~ 240 290 7(i 1001. 130 58 29 9.4 840 
31 14 4!) 1:10 !DO 7:l IOOL 7(\ 39 18 12 :JOO 
88 140 J:l 62 200 1:io IOOL JJ(J 24 9.0 4.6L ;l(){) 
230 II 23 65 120 22 JOOL (;:J :]2 13 H 740 
230 21} J;) 02 120 72 IOOL 190L :25 13 4.61. 2:30 
170 II 17 95 1:10 !)2 IOOL 270L JU 8.8 H (i40 
75 IGO 21 HiO (i:Jo 170 IOU/. I JO :J2 16 9.:J 880 
79 H 24 32 130 150 1001. (i-lL 14 6.1 H :J50 
230 110 ~5 41 160 240 IOOL 57 :12 II 4.GL 4UO 
!i8 53 22 47 :l:JO 200 IOOL 280 1:1 ;35 4.fiL fj(i() 
190 H 18 fill :mu :JJ(I IIIOL 1/0L 1$) 13 II 170 
:is II I!') !J(j :i:10 :1:io 1001. 4001. ~f) J:; II {j:!() 
87 21 14 1()(1 72 !")() 1:10 110 '27 II G.8 7,11) 
(i4 !)fl 20 lliO :mo !lfl J!i(J HO 4 I 18 7.8 I JOO 
45 40 17 170 fi!}O ll)(I JOOL 180 :w, If> 7.2 ..thO 
80 I-I I:; !iHL 211J !jfj IOOL 8H 20 9.8 H :1:m 
100 17 14 n4 no 8H IOOL fir) 28 16 4.m. 540 
120 82 12 74 170 120 IOOL 1:JOJ, 26 13 4.(iL !j!j() 
89 22 l fi 180 170 31 100 120 39 19 8.6 fin() 
•Hi ;JI 27 200 J:lO r,3 I OOL 1 IOL 30 14 10 1,200 
200 19 14 68L 100 93 IOOL 100 33 II 4.6L 320 
260 ~3 IR ~·Ui l'.!O 7~ 170 Rri 28 IS II !'iHO 
280 -Ul 1:1 HO Hr, !17 li8I. 201) :12 II •I fiL :i10 
200 77 lfi G7 !}t) l..!O 1,111 1:111 ~4 7.:J 4.(iL :1xo 
2:30 79 21 :121. 87 10(1 li8L 1401. 29 II H :I(;() 
2:JO 65 27 II 0 280 J;l() 140 JUOL 58 20 4 .6L :J60 
180 55 16 84 180 140 110 64 3!) 14 4.G J. 260 
19{) (i4 14 IW 200 80 160 78L 27 19 II '.J,200 
95 II l5 110 100 40 IOOL ri8 24 13 H 970 
110 II 23 260 300 42 IOOL 1001. 28 53 II 2.(;()0 
120 H 20 1:JO 150 62 IOOL 140L :J2 1:J II S:10 
:150 39 25 83 77 1(\0 150 97 22 9.5 16 5:30 
58 6.:J 18 140 :J80 90 HIOL 170 41 16 8.0 280 
230 II 19 1:30 160 150 120 2/0L ;Jfi lfi H 460 
3fi0 25 l!i 110 l()(J 28 JOOL 1501. 31 12 7.6 fi50 
150 H 27 190 86 :1 1 120 200L 23 27 4.6L 300 
30 42 32 140 210 /9() IOOL 180 39 18 8.4 400 
170 30 17 4/\ 100 fi:l 1001. 94 42 11 11 620 
200 46 14 32L 3:J() 3 1 IOOL 2001, 22 9.8 17 170 
88 24 15 :J2L 75 11 IOOL 140L 27 8.7 5.9 260 
67 II 29 87 270 95 IOOL 91 ;JI II 7.1 370 
380 II 22 (i8L 260 74 JOOL 79L 20 6.9 H 280 
240 10 13 73 58 48 IOOL lfiO 26 8.8 4 .6L 210 
160 II 24 71 130 28 JOOL 59 31 II H 340 
150 II 15 57 220 91 J()(JL 120L 20 7.8 II 170 
200 H 18 85 160 54 IOOL 130L 34 15 H 600 
29 6.4 14 79 120 61 JOOL 130 :l9 20 II 170 
i\l 7.4 44 110 63 G5 IOOL /Jll 42 12 12 2:10 
31 26 28 cm l!-llJ i8 IOOL 1:10 42 9.6 4.6L 29{) 
77 6.5 14 41 49 14 IOOL 130 27 8.1 4.61, 290 
200 1:J 17 170 110 fi8 150 2/0L :i1 22 4.liL 880 
540 H 15 59 I()() 18 /OOL /!;() 2:1 8.5 4 .!iL :J40 
160 25 14 ti2 !:JO 41 100 150 :)6 15 15 ;J:lO 
260 9.4 15 (i7 69 91 120 120 27 10 7.7 4;)() 
320 H 14 32L 88 HiO JOOL 77 20 7.3 H 220 
300 45 2fi 91 I JO 78 1001. 140 29 9.4 23 38() 
45 48 13 71 :J51J ::!hO IOOL :3/()L 41 l:l 4.6L :Ji,() 
110 H 21 88 130 GO I(J()L 98L 29 II H 470 
150 H 19 95 100 28 IOOL 2001. 26 14 H 320 
450 24 13 JOO 150 140 JOOL 69 22 12 12 8:JO 
120 17 20 77 78 55 IOOL 82 26 II 6.4 550 
230 4f'l 17 140 140 48 IOOL 120 22 14 4.6L 890 
540 43 14 150L 150 58 IOOL 67 17 7.G 4.6L 8(i0 
530 H 14 68L 110 30 1001, 99 13 6.4 H GOO 
100 H 22 120 180 7:3 IOOL 110L 31 16 H 360 
89 36 27 110 29{) 85 IOOL 99 59 13 8.6 3:JO 
200 76 19 98 110 :31 120 160 26 12 4.6L 460 
290 H 17 f,7 92 II 1001. 120 2~ 13 H 400 
180 H 21 70 300 200 JOOL 1001. 21 II H :320 
120 H 23 54 110 85 IOOL 100 31 10 H 300 
130 67 24 84 120 48 JOOL 130 :]4 9.4 9.0 370 
230 II 20 32L 470 150 IOOL 160L 34 9.7 H 220 
IGO H 15 71 140 14 IOOL 81 20 7.8 H 370 
140 H 17 {i2 120 :J(i IOOL 100 29 JO H 260 
250 28 21 200 520 150 95 110 50 18 4.6L 350 
64 fl 21 110 2fi0 I /fl !OOL 4701. 37 13 H 5fi() 
340 44 25 130 110 100 IOOL 3401. 24 12 4.6L 1,200 
LIO H 47 200 170 110 170 2801. 26 13 H 2,900 
120 12 21 55 91 :JO 1001, 1401. 25 9.7 4.6L 590 
420 II 12 61 63 14 JOOL 45 27 9.4 H ()50 
350 49 24 320 490 95 120 120L 30 17 10 ;J,800 
290 H 14 78 :J80 2:J IDOL 3!JOL 20 II H 290 
130 H 19 74 140 8;1 JOOL 3601. 33 JI H 300 
97 7.8 19 [20 88 :J8 IDOL 120 34 l6 5.0 fi20 
180 II 17 67 270 9f, IOOL I JOL 18 8.5 H 390 
120 37 26 130 110 54 IOOL 170 31 13 JO 360 
340 32 J(i 110 2:JO 86 130 140 23 10 9.7 4(i0 
270 79 18 98 450 6[> IOOL 69 43 13 17 420 
270 II 20 80 230 170 IOOL 98L :)6 9.1 H 390 
150 34 14 48 2:10 (i4 IOOL 320L ;)6 13 15 240 
160 65 23 110 360 34 1001, 72 45 15 20 300 
99 46 25 140 200' 68 IOOL 460L 47 12 22 590 
41 6.4 18 32L 170 120 JOOL 140L 47 6.0 13 57 
160 H 20 32L :) 10 100 IOOL 290L 43 5.3 H :JOO 
160 H 23 120 390 34 IOOL 140L :35 16 H 930 
380 H 17 321. 110 42 1001. I IOL 30 0.1 H 350 
110 9.8 37 90 280 130 68L 130L 37 15 4.6L 330 
200 20 14 79 JOO JOO 110 200L 52 12 4.6L 2,000 
Ta lb Th 
ppm ppm ppm 
'JA NA NA 
1.9 2.H 22 
0.9 1.8 11 
1.6 :) 4 20 
0.8 1.7 13 
1.3 2.2 lfi 
1.3 1.6 2,) 
n 2.6 :JO 
5.2 li3 66 
2.0 1.7 21 
2.2 2.4 28 
2.9 2.2 17 
0.5L 1.4 3.9 
4.4 3.J'S 42 
0.3 0.97 3.6 
l.6 1.3 15 
1.6 1.6 17 
1.3 2.7 18 
1.7 1.2 2:1 
l.f) 2.3 22 
1.2 :J.8 27 
1.9 3.5 20 
1.4 2.5 18 
1.9 2.9 21 
1.4 2.4 14 
:l.2 1.9 34 
1.7 2 (i 19 
1.2 l.(i 18 
1.6 4.:J :12 
3.7 3.4 :18 
1.7 2.3 17 
l.(l 2.7 l(i 
1.4 2.0 21 
1.:1 2.0 13 
1.4 3.8 17 
I.I 1.8 !J.9 
2.4 2.4 2:i 
Fi. I 7.5 40 
I .f') :J.3 l:J 
1.4 4.1 J:l 
1.:1 l.~ ~:i 
11 2.!"1 ~!j 
I fi 2.9 rn 
1.4 2.(i 14 
1.4 :1.2 l!l 
2. 1 2.7 22 
I 7 .2.5 28 
2.:3 2.0 20 
2.3 2.6 25 
11 !'i.n l fi 
I:.! 2.2 24 
I.Ii l!l lh 
0.9 :rn 14 
I.fl 6.2 2;) 
Ui 4 .1 20 
0.6 4.9 10 
1.:l 2.7 If> 
O.!l !l.7 12 
0.8 2.fi I~ 
1.4 I.:) 16 
1.8 1.7 21 
1.4 2.3 IR 
0.8 1.9 14 
1.6 3.2 1(-i 
2.7 2.2 27 
2.0 J.9 24 
1.:1 2.7 17 
1.:1 1.7 14 
3 .0 2.0 27 
0.9 1.7 9.8 
1.6 l.7 18 
1.9 2.4 17 
1.0 2.3 I I 
1.4 2.(i II 
1.5 3.7 2:1 
3.6 2.2 4 I 
2.2 2.3 23 
1.7 2,0 20 
'!..4 5.:J 24 
1.4 2.3 Ji) 
1.5 1.9 19 
1.2 1.2 lfi 
0.9 I.I 9.2 
1.7 1.0 20 
1.6 1.8 21 
1.2 2.1 16 
1.2 2.3 I ;J 
1.0 1.6 12 
1.6 l.fi 16 
1.2 1.8 J;J 
I.I 0.71 13 
0.7 0.66 9.2 
I. I 2.3 14 
2.5 3.4 :JI 
1.4 2.2 17 
I :l 2.6 Jfi 
0.8 1.5 (i.7 
1.4 2.5 14 
2.3 2.0 2:1 
1.2 3.5 1:3 
1.0 Ui 12 
l.:J :J.O 1:i 
1.3 3.5 24 
1.7 2.7 18 
1.8 3.:J 17 
1.6 3.0 16 
2.0 1.7 19 
I.I 2.0 II 
1.7 3.0 16 
2.2L G.9 9.8 
1.5 3.3 20 
2.5 3.4 24 
0.6 2. 1 5.2 
2.1 2.8 23 
13 1.6 14 
0.9 2.5 19 
0.9 1.4 16 
1.8 3.6 19 
1.8 3.5 23 
1.4 3.1 27 
2.7 1.2 33 
7.2L 5.0 L 19 
1.4 2.8 18 
I.I 3.2 I I 
3.0 3.5 33 
1.0 2.9 32 
OHIO DIVISION OF GEOLOGICAL SURVEY 
INFORMATION CIRCULAR NO. 55 
TABLE 7 
Tl u V w y Yb Zn Zr 
ppm ppm ppm ,,rm ppm ppm ppm ppm 
£ NA E NA E NA WA £ 
IOL 8.4 220 8.9 60 8.~ 110 1:10 
JOL 4.9 98 8.2 48 10 880 120 
IOL II 180 6.5 73 12 140 1:10 
92 8.0 120 3.!l 66 6.3 410 100 
JOL 9.:1 LIO 3.7 5:J 7.4 160 130 
JOL 2:J 180 II 46 57 48 140 
JOL 9fi 170 9./ 49 7.9 150 130 
IOL 19 :ir,o 14 140 14 110 670 
IOL :J(i 2W 44 49 57 70 150 
JOL 15 220 6.0 r.,:3 6.4 53 2 10 
JOL 6.0 140 3.2 40 1.6 12 770 
HlL 2.8 55 4.5 75 8.4 210 80 
IOL 95 210 8.9 38 15 140 110 
IOL :1.5 :J9 11 3 1 2:1 38 96 
JOL 26 120 :3.6 3 1 5.3 63 89 
IOL 18 J(j() !J.7 89 6.:1 1:io LOO 
IOI. 24 180 6.2L 78 8.3 220 140 
JUL 12 lfjO 5.2 42 74 170 120 
JOL 30 170 2.8 3 1 7.4 120 JOO 
IOL If, :JI() 4.0 100 1:J 190 120 
IOL 21 140 7.2 :14 J:J 350 87 
JOL 22 180 4.0 77 8.2 120 120 
IOL i.1 lliO 10 L 71 s.:1 2 10 140 
IOL 7.9 130 4.0 87 9. 1 220 140 
JOI, 13 /9{) 4 .9 41 7.1 32 150 
IOI. 10 21 0 8.5 100 12 120 170 
IOI. fi.8 1!''>0 :J.9 4!J u.:J 110 120 
IOL 21 !380 12 120 Hi 210 /(\() 
JOL 9.7 210 4.8 92 12 :J30 200 
IOL 7.0 170 8.4 li7 6.4 210 150 
JOL 14 /GO 10 fl4 7.'.l 180 1:10 
IOI. 9.(i I fiO :1.2 31 H.5 160 100 
IOI. f'J.1 120 5.5 46 !5.1 120 !)4 
IOL 6.9 170 /{j 84 JO :i:10 140 
JOL 2.8 l:lO 4.6 77 fi.6 HiO 1:JO 
lOL 7.5 l!Xl 9. 1 !i5 8.:1 180 150 
IOL 14 lfiO 20 70 21 l ,2tl0 1:m 
IOI. 6.4 120 9.H 82 .H.9 550 JOO 
HIL !ii 100 I(; 7:J 7.8 580 90 
Ill/, 12 ~110 4.4 4!; ;)fi 58 92 
IIIL 17 !J!;() r; ~ 80 Ill f!jl) 1:J{l 
IOI. 14 :.!!")(I Hi HO II :Fill 1811 
/OL h,4 I :rn !)4 fi8 f',5l :mo JOO 
JOI. 4.!I 1(\0 8.:l 78 !J.'"1 2!ltJ 120 
/OL 7.1 !HO 1:) 81 H.!i 1411 1:;o 
JOL l:I 200 3n fi4 7.H lfi!l J:!O 
JOL 8.6 240 6.2 66 7.fi 08 HiO 
IOL 1.:1 140 6.0 43 8.f'> 2!\0 100 
101. 21) 18!1 a.n 120 14 J(i() l :lll 
JfJL SI.:, J!l{I l•I =>:.! ( .. , I l!I Uii 
IOI. 11 !.")1) 4.0 ;,Ii :J.2 140 110 
JOL lG 190 5.8 94 14 110 100 
IOL 14 ,JOO II 180 18 190 170 
JOL 28 2:10 7.1 !)fl 12 260 1r,o 
JOI. l:J 140 :1.8 120 II 290 180 
IOL 13 120 5.8L I HI 1.8 110 140 
IOL 14 150 8.fil. ~ao I~ 300 200 
IOL 17 170 14 L 94 8.8 140 120 
IOL 19 140 3.:3 56 5.7 990 J(iO 
IOL 8.2 220 8.5 54 !i.7 280 150 
JOL 140 2:10 I ;3 91 9.l 120 220 
IOL 33 170 5.(i 85 8.2 140 150 
IOL 9.8 120 6.7 90 9.9 230 250 
IOL 8.8 220 6.7 76 9.2 150 250 
JOL 77 270 7.8 52 7.3 120 120 
IOL 7r, 120 5.7 44 12 3fi0 7:J 
JOL 18 9(i 4.1 2(i 7.3 350 54 
101, 7.7 I 00 7.8 (i7 5.6 180 220 
IOL 72 140 3.1 65 6.9 160 140 
LOL 14 120 2.7 26 5.fi 85 85 
JOL 74 160 5.5 82 9.5 110 170 
IOL 9.!i 1:10 3. 1 64 5.8 140 150 
IOL 12 120 6.1 80 1.4 170 9fi 
101. 14 ;JO() 4 .6 1:10 19 220 120 
IOL 2$ 210 4.4 !'">2 6.(i 28 2HO 
IOL :J5 210 5.G 70 8.1 1,200 190 
IOL 9.Fi JO() 3.2 34 6'' 62 94 
JOI. :Jo 170 fi.:J !19 II (i7 JGO 
IOL 70 140 6.1 8:J 7.7 JOO 120 
IOL 15 l(JO 6.4 56 8.5 110 120 
JOL 9.7 140 :J.(i 44 fi.2 :)20 J:l() 
IOL 52 110 6.2 :JS 5.1 650 68 
IOI. Mi 190 5.2 4:1 !""1 0 86 170 
IOL 8.:i 260 9.1 sr, II 950 110 
JOL 23 190 JI L 78 7.0 190 130 
JOL 25 140 4.9 77 (i.6 130 170 
IOL 9.i\ I:30 I ;1 L 72 5.8 93 11 0 
IOL 14 150 6.5 61 6.6 88 170 
JOL 3.8 130 7.0 86 7.8 97 190 
IOL 15 140 6.3L 51 4.2 77 160 
IOL 22 98 7.1 31 2.9 180 110 
IOL 17 160 fi.9 99 8.9 120 11 0 
IOL 59 !l40 5.2 78 7.8 450 180 
IOL 36 180 4 .3 69 7.0 180 160 
IOL 18 140 4.9 7fi 7.2 130 140 
IOL 8.7 89 13 L 65 5.5 1,100 55 
IOL 13 lfiO 9.3L 88 9.0 800 140 
/OL fi5 260 5.5 51 5.ti 100 160 
IOL 55 160 fi.3 77 II 230 140 
IOL 7.7 120 4.4 47 5.4 360 100 
IOL :).(i 180 7.3 74 7.6 180 140 
IOL 9.8 260 13 98 9.4 250 140 
JOL II 2 10 10 66 n.3 160 140 
IOL 7.9 170 40 99 8.6 180 200 
/OL 7.3 210 7.5 120 7.1 140 510 
IOL fi.1 lf,O 4.9 39 5.5 80 120 
IOL 7.2 130 13 74 6.5 46 93 
IOL 27 :no 86 170 9.7 JOO 220 
IOL 18 86 8.7 99 16 230 130 
IOL 70 180 8.2 80 JO 200 150 
IOL 13 180 4.9 74 II 98 140 
IOL 16 82 9.0 71 7.9 87 57 
IOL 13 180 9.2 91 JO 180 160 
IOL 7.1 14(1 l6 74 5.8 110 140 
IOL 100 310 II 82 8.7 320 lliO 
120 44 180 11 53 5.2 290 160 
IOL 13 130 13 52 12 240 93 
IOL 18 230 15 96 15 300 140 
IOL 32 360 6.3 99 6.2 280 270 
IOL 12 210 2.7 17 6.2 130 93 
IOL JO 270 5.1 60 5.5 490 210 
lOL 9.8 160 20 100 2.8 140 130 
JOL 2 1 lfi() 1.0 120 12 4 10 140 
IOL 13 190 5.9 65 8.5 66 180 
JOL 17 360 7.6 62 6.6 110 140 
DGS Ash SiO, Al20:i CaO MgO Na20 K,O Fe203 Ti0 2 P20& so, Ag Au R Ba Be Bi Cou nty Township file % % % % % % % % % % % ppm ppm ppm ppm ppm ppm 
no. XA XA XA WA WA XA XA XA xw XA E E E E E E 
SHARON(NO.l) COAL 
Jackson I Bloomfield 1005 12.7 42 32 0.67 0.58 0.61 1.6 13 1.1 0.079 1.5 1.7 6.8L 350 260 37 IOL 
QUAKERTOWN (NO. 2)? COAL 
0.40 0.34 28 0.068L 0.48 6.8L 400 220 13 IOL Belmont I Kirkwood 1409 14.6 48 14 2.8 I.I 1.4 1.4 1431 11.0 42 22 1.0 0.13 0.28 0.55 26 3.1 0.44 1.4 I.I 6.81.. 410 400 33 IOL 
Guernsey Londonderry 1470 14.3 54 24 0.69 0.78 0.51 2.4 10 1.8 0.0701.. 0.85 0.50 6.81.. 430 420 33 IOL 
Spencer 1500 9.5 43 29 1.2 0.71 0.88 2.3 19 1.1 0.11 L 1.5 0.90 6.SL 540 240 33 IOL 
BEDFORD COAL 
Guernsey I Oxford 1454 45.4 56 26 0.57 1.1 0.59 2.8 4.9 2.4 0.031 0.98 0.37 6.81.. 230 280 13 IOL 
BROOKVILLE (NO, 4) COAL 
Belmont York 1414 23.5 45 26 0.62 0.61 0.46 2.0 18 2.5 0.043L 2.2 0.49 6.81.. 200 220 10 IOL 
Guernsey Jefferson 1476 13.9 48 24 5.3 0.60 0.47 1.8 9.3 1.4 0.11 3.8 0.69 6.8L 520 l ,900 24 IOL 
Oxford 1461 19.6 47 23 2.3 1.1 0 .69 2.6 15 1.4 0.05JL 3.0 0.54 6.8L 370 360 20 IOL 
Washington 1473 18.1 55 28 1.3 0.85 0.45 2.3 5.7 1.6 0.055L 1.0 0.63 6.81.. 510 520 27 IOI.. 
Wills 1479 17.7 51 28 2.0 0.81 0.47 2.4 8 .4 1.6 0.067 2.0 0.45 6.8L 420 620 16 IOL 
Stark l'ike 1418 10.1 47 29 3.2 1.2 0.55 2.0 10 0.87 0.099L 4.9 0.84 6.8L 900 250 28 JOL 
1434 9.2 25 16 2.3 0.50 0.39 0.73 47 0.67 0.1 l L 3.8 1.2 6.81.. 700 280 26 lOL 
Sandy 1424 8.7 46 31 3.3 0.68 0.71 1.5 7.1 1.1 0.11 L 4.0 0.70 6.8L 720 390 28 IOL 
1424-1 29.2 42 31 0.53 0.08 0.09 0.46 15 1.7 0.034L 0.83 0.48 6.8L 280 74 9.4 IOL 
1424-2 13.9 30 22 I.I 0.28 0.20 0.59 40 0.70 0.072L 1.9 0.84 6.SL 580 250 21 IOL 
Vinton Knox 1002 15.3 49 28 0.80 0.25 0.54 0.95 12 2.0 0.092 1.5 0.54 6.81.. 500 190 18 101.. 
CLARION (NO. U ) COAL 
Belmont Goshen 1405 13.0 45 26 1.4 0.68 0.45 1.9 21 1.3 0.077L 1.7 0.54 6.8L 420 970 20 IOL 
Kirkwood 1408 22.9 46 23 1.7 0.88 0.40 2.6 16 1.4 0.092 1.5 0.38 6.8L 300 190 14 JOL 
1430 17.6 50 30 1.2 0.48 0.43 J.4 8.6 l.8 0.0571.. 1.3 0.79 6.8L 490 950 17 101.. 
1430-1 56.6 74 18 0.29 0.15 0.19 1.3 2.9 2.1 0.025 0.38 0.37 6.8L 150 220 8.6 IOI.. 
Galli a Perry 1008 16.4 36 19 2.4 0.71 0 .6 1 1.9 30 0.99 O.D61L 3.1 0.47 6.8L 460 260 20 IOI.. 
Raccoon 1003 14.0 37 21 0.99 0.20 0.34 1.3 35 0.92 0.071 1.6 1.0 6.8L 900 150 53 IOL 
1004 25.5 28 26 1.6 0.12 0.36 0.30 38 0.28 0.44 2.3 0.39 8.0 320 290 19 JOI.. 
Vinton Knox 1001 9.9 37 30 2.9 0.30 0.50 0.69 19 0.74 0.71 3.6 0.97 6.8L 900 260 23 IOL 
LOWER Kl'ITANNING (NO. 5) COAL 
Belmont Goshen 1404 8.8 22 12 2.1 0.32 0.49 0.78 55 0.85 O.JJ L 2.6 0.46 6.8L 450 140 22 IOL 
Kirkwood 1397 13.8 43 4.9 2.8 0.13 0.34 0.13 44 0.20 0.15 2.J 0.49 6.81.. 310 45 24 IOL 
1407 6.2 49 27 0.69 I.I 0.42 2.8 14 1.5 0.16 L 1.1 0.42 6.8L 280 160 27 IOI.. 
1429 32.1 88 3.3 0.70 0.05 0.09 0.24 9.0 0.23 0.03lL· 0.68 0.25 6.8L 190 130 7.0 IOI.. 
Richland 1447 8.9 45 23 1.2 0.55 0.34 J.6 22 1.4 0.11 L 1.6 0.69 6.8L 480 310 21 IOL 
Gallia Huntington 1009 15.2 28 19 2.4 0.33 0.42 J.5 42 0.64 0.25 2.2 0.53 6.81.. 480 250 20 IOL 
Perry 1007 13.9 22 16 2.6 0.20 0.26 0.77 54 0.52 0.079 2.9 I.I 6.8L 600 180 17 IOL 
Guernsey Adams 1486 17.2 26 17 2.4 0.36 0.28 I.I 44 0.85 0.25 2.3 0.74 6.8L 500 290 11 IOI.. 
Jackson 1495 8 .1 31 20 6.1 0.46 0.44 0.91 31 I.I 0.21 6.4 0.85 6.8L 700 90 16 IOL 
Jefferson 1475 16.2 38 16 3.1 0.38 0.38 1.2 33 I.I O.D66L 2.6 0.60 6.8L 430 110 14 IOI.. 
Londonderry l465 12.7 20 9.8 5.7 0.48 0.36 0.79 50 0.55 0.079L 5.2 0.92 6.8L 520 160 21 IOL 
Richland 1505 16.0 48 23 1.8 0.88 0.45 2.0 16 I.I 0.063L 1.8 0.53 6.8L 500 240 17 JOI.. 
Westland 1488 15.0 9.5 6.9 3.4 0.13 0.19 0.31 67 0.27 0.0671.. 3.2 1.2 6.8L 420 140 68 JOI.. 
Wills 1478 12.2 29 14 2.1 0.33 0.30 0.73 46 I.I 0. 15 2.3 0.91 6.8L 640 110 22 IOL 
Stark Osnaburg 1419 9.2 18 10 l.2 0.36 0.26 0.76 58 0.59 0.1 I L 2.9 I.I 6.8L 620 150 26 IOL 
Paris 1433 9.0 12 8.6 1.7 0.30 0.31 0.23 66 0.28 O.JI L 2.5 1.4 6.BL 700 200 38 IOI.. 
Pike 1386 9.4 35 22 l.2 0.45 0.40 0.93 33 I.I O.JI L J.9 0.90 6.8L 680 120 23 IOI.. 
1417 8.3 41 27 l.3 0.56 0.51 1.1 24 l.2 0.12 L 1.1 1.0 6.81.. 1,000 150 30 IOL 
STRASBURG (NO . 5A) COAL 
Carroll I Rose 11449 14.3 27 13 1.4 0.50 0.24 1.3 47 0.97 0.091 0.88 0.94 6.8L 580 310 16 JOI.. Guernsey Adams l485 ll.7 20 19 2.5 0.46 0.32 0.76 47 0.45 I.I 3.0 0.77 6.8L 500 400 18 IOI.. 
Star k Bethlehem 1415 11.2 27 12 1.7 0.71 0.35 I.I 47 0.64 0.13 1.2 1.0 6.8L 800 340 20 IOL 
MIDDLE Kl'ITANNING (NO. 6) C4 AL 
BeJmont Goshen 1403 8.9 34 21 2.9 0.71 0.62 J.7 32 I.I O.Jl L 2.2 0.32 6.8L 460 610 19 IOI.. 
Ki r kwood 1398 J8.7 47 21 0.99 I.I 0.6 1 3.0 21 1.2 0.053 L 1.8 0.25 6.8L 380 240 7.6 IOL 
1406 21.9 41 15 9.0 0.42 0.27 0.84 21 0.90 0.0461.. 7.0 0.49 6.8L 300 140 29 JOL 
1428 11.3 37 21 2.3 0.90 0.51 1.9 28 0.99 0.088L 2.7 0.88 6.8L 500 260 27 IOI.. 
Richland 1443 15.6 28 15 6.4 0.33 0.22 1.4 36 099 0.065L 5.4 0.71 6.8L 370 200 42 IOL 
York 141 3 7.2 36 23 1.9 0.53 0.3 1 1.5 30 1.3 0.14 L 0.95 0.80 6.8L 570 590 28 IOL 
Gallia Morgan 1010 20.4 45 26 1.6 J.O 0.46 3.2 14 0.84 0.049L 2.3 0.36 6.SL 440 340 16 JOI.. 
Perry 1006 5.5 37 28 3.3 0.38 0.42 0.58 21 I.I 0.18 L 2.6 2.8 6.8L 700 210 57 101.. 
Guernsey Adams 1484 7.2 21 14 2.J 0.35 0.35 0.54 63 0.62 0.14 L 2.5 1.2 6.8L 600 360 16 IOI.. 
Jackson 1494 11.2 31 17 13 0.56 0.30 1.3 21 0.59 0.21 8.0 0.55 6.8L 520 240 25 IOI.. 
Jefferson 1474 14.3 35 19 l.O 0.50 0.32 1.6 36 0.89 0.070 2.0 0.65 6.8L 510 JIO 13 IOL 
Londonderry 1464 26.7 44 21 I.I 1.3 0.45 3.2 20 I.I 0.060 2.0 0.25 6.8L 280 220 21 IOL 
Monroe 1480 6.7 17 13 6.3 0.48 0.46 0.52 48 0.55 0.15 L 7.4 1.4 6.8L 600 170 30 IOL 
Oxford 1453 20.7 45 22 0.78 1.2 0.61 2.8 21 1.2 0.048 1.9 0.32 6.8L 400 300 10 IOL 
Richland 1504 18.1 43 21 2.7 0.90 0.40 2.0 23 1.0 0.055 1.9 0.48 6.8L 440 210 14 IOL 
Spencer 1491 9.2 29 18 1.9 0.40 0.53 1.3 42 0.87 O. IJ L 2.0 I.I 6.8L 400 260 II 29 
1499 8.9 27 18 2.5 0.46 0.46 1.3 46 0.72 O.J I L 1.9 0.65 6.8L 680 210 21 IOL 
Washington 1472 16.2 43 20 2.6 l.J 0.49 2.7 21 I.I 0.068 3.4 0.55 6.8L 490 400 20 IOL 
Westla nd· 1487 10.7 3 1 18 I.I 0.45 0.40 1.3 42 0.92 0.093L J.4 0.75 6.8L 600 220 15 IOL 
Wills 1477 14.9 36 18 1.8 0.78 0.43 1.8 34 0.80 0.067L 3.0 0.60 6.8 1.. 500 250 16 IOL 
Stark Beth lehem 1416 6.9 39 29 4.2 1.2 0.31 2.2 11 1.3 0.35 1.6 2.0 6.SL 130 1,300 39 IOL 
Osnaburg 1420 8.4 37 24 0.97 0.65 0.27 1.8 28 1.3 0.12 L 1.7 0.96 6.8 1.. 680 190 34 IOL 
Paris 1423 11.5 41 25 0.84 0.96 0.3 1 2.2 23 1.5 0.087L 1.3 0.95 6.8L 500 330 28 IOL 
Sugar Creek 1422 5.6 31 20 2.3 0.48 0.62 0.58 38 0.89 0.20 3.1 1.0 6.8L 2,000 150 35 IOL 
Tuscarawas Sandy 1448 8.7 20 12 6.6 0.46 0.35 0.79 48 0.62 0.JI L 5.7 1.3 13 620 440 26 IOL 
LOWER FREEPORT (NO. 6A) COAL 
Guernsey Adams 1483 26.0 40 17 1.2 0.56 0.19 1.7 34 1.2 0.16 1.6 0.75 6.8L 200 340 13 IOI.. 
Jackson 1493 15.3 41 17 3.0 0.41 0.19 1.4 30 1.3 0.21 2.5 0.61 6.81.. 600 150 29 IOL 
Londonderry 1463 I l.9 33 17 1.6 0.51 0.46 1.2 39 l.3 0.084L 0.80 0.80 6.8L 540 150 71 IOL 
Oxford 1452 9.6 42 21 2.6 0.65 0.38 1.5 24 1.5 0.84 1.8 0.61 6.8L 680 260 40 IOL 
Rich land 1503 12.5 25 J3 1.3 0.43 0.16 J.l 53 0.62 0.080L 1.4 0.81 6.8L 500 110 38 IOL 
Spencer 1490 22.3 33 16 6.4 0.75 0.47 1.8 29 0.67 0.20 7.6 0.57 6.81.. 270 520 18 IOL 
1498 17.0 43 20 3.7 0.53 0.66 1.6 26 1.2 0.21 3.0 0.51 6.8L 380 330 15 IOL 
Valley 1482 9.9 27 17 1.4 0.36 0.23 0.90 47 0.72 0.10 L 1.7 1.1 6.8L 400 230 45 IOL 
Washington 1471 20.5 38 17 1.0 0.75 0.23 1.8 35 0.94 0.12 J.3 0.90 6.8L 440 230 27 IOL 
Jefferson Springfield 1444 10.7 37 19 1.5 0.36 0.22 J.2 32 1.3 1.2 2.1 0.74 6.8L 540 750 24 IOI.. 
Sta rk Osnaburg 1421 19.5 52 24 0.81 0.78 0.20 2.5 13 1.6 0.17 1.3 0.43 6.SL 420 470 25 IOI.. 
UPPER FREEPORT ( NO. 7 COAL 
Belmont Kirkwood 1399 14.0 42 21 0.95 0.56 0.45 1.9 27 1.3 0.0711.. 1.3 0.40 6.8L 360 220 19 IOL 
1427 21.5 46 27 0.90 0.80 0.46 2.7 16 1.3 O.JS 1.4 0.48 6.8L 320 420 18 IOL 
York 1412 27.5 48 21 0.83 I.I 0.40 2.8 19 0.94 0.036L 1.3 0.35 6.8L 160 540 32 IOL 
Columbiana Butler 1439 20.7 45 21 0.87 0.66 0.23 J.7 26 I.I 0.097 1.6 0.54 6.8L 360 190 13 IOL 
Elk Run 1466' 15.6 33 19 I.I 0.41 0.27 0.82 38 1.7 0.064 1.7 0.66 6.8L 380 100 31 IOL 
1468 8.7 43 26 1.1 0.70 0.30 1.3 20 1.6 0.16 1.6 0.96 6.8L 400 220 26 IOL 
Hanover 1436 17.0 40 23 0.73 0.66 0.24 2.1 27 0.99 0.23 1.2 0.71 6.8L 450 320 24 IOL 
1441 12.2 38 25 I.I 0.76 0.28 2.J 26 0.92 0.48 1.9 0.81 6.8L 700 460 23 IOI.. 
MiddleLOn 1456 7.7 41 26 I.I 0.66 0.22 1.2 23 1.6 0.13 L 1.7 0.81 6.8L 470 210 27 lOL 
West 1425 12.l 45 29 0.74 0.83 0.28 2.0 17 1.2 0.13 0.95 0.87 6.8L 500 240 34 IOL 
1437 8.1 55 28 0.97 0.70 0.27 1.8 7.7 1.6 0.28 1.2 0.49 6.8L 700 430 34 IOL 
Yellow Creek 1451 11.5 37 24 0.94 0.76 0.24 1.6 27 1.6 0.20 1.6 0.86 6.8L 300 620 15 IOL 
Guernsey Jackson 1492 8.3 47 27 0.84 0.68 0.3 1 J.9 18 1.7 0.12 L 1.0 0.65 6.8L 640 290 22 IOL 
Londonderry 1469 16.1 43 10 0.55 0.18 0.19 0.45 41 0.80 0.062L 0.78 0.82 6.8L 300 120 40 IOL 
Spencer 1497 15.6 38 17 5.6 0.58 0.39 2.0 28 0.87 0.64 5.1 0.44 6.8L 460 650 15 IOL 
Harrison Monroe 1455 J0.7 36 17 1.9 0.65 0.38 2.0 34 0.90 0.92 2.5 0.47 6.81.. 640 210 16 IOL 
Jefferson Ross 1445 6.4 29 22 1.4 0.30 0.26 1.0 37 1.2 0.30 1.8 0.90 6.8L 520 150 22 IOI.. 
Muskingum Wayne 1359 14.3 34 22 3.2 0.63 0.32 1.4 29 1.3 0.17 1.9 0.46 6.8L 580 460 12 IOL 
Stark Paris 1432 11.8 46 18 6.3 1.2 0.23 2.6 16 0.92 3.5 2.2 0.67 6.8L 600 490 21 101.. 
MAHONING COAL 
Columbiana Center 1438 14.6 32 15 1.7 0.53 0.19 1.8 40 0.80 0.89 2.2 0.69 6.8L 400 360 14 101.. 
1440 9.0 49 21 1.2 0.80 0.38 2.3 21 I.I 0 .59 1.4 1.4 6.8L 700 560 34 IOL 
Elk Run 1467' 5.7 53 22 0.87 0.95 0.28 2.4 13 1.2 0.75 1.4 J.6 6.8L 290 690 26 IOL 
1469 9.5 32 15 0.80 0.53 0.28 1.3 42 0.82 0.24 1.2 J.9 6.8L 330 210 19 IOL 
Franklin 1435 10.0 33 15 1.2 0.33 0.20 1.7 42 0.87 0.53 1.8 J.4 6.8L 450 340 32 IOI.. 
Hanover 1442 ll.7 53 22 I.I 0.88 0.31 2.8 14 1.3 0.30 1.2 1.9 6.8L 500 420 34 IOL 
Madison 1457 11.2 40 17 1.9 0.71 0.20 J.8 31 0.87 0.16 1.8 0.74 6.SL 350 380 18 IOI, 
1458 9.3 40 22 1.0 0.71 0.22 1.6 26 0.92 0.11 L 1.5 0.48 6.8L 420 260 35 IOI.. 
Jefferson Ross 1446 17.6 44 22 3.3 0.81 1.5 2.6 14 l.l 0 .21 5.5 0.36 6.8L 320 970 19 IOL 
WILGUS COAL 
Guernsey I Oxford 1460 18.4 37 16 4.1 0.91 0.43 2.0 29 0.82 0.12 3.4 0.51 6.8L 290 1,200 26 IOI.. 
ANDERSON COAL 
Belmont Goshen 1402 15.5 26 11 7.6 0.70 0.42 1.0 36 0.66 0.10 7.9 0.34 6.8L 220 11,000 20 IOI.. 
Kirkwood 1396 20.4 43 22 5.9 1.0 0.54 2.2 13 0.82 0.72 4.4 0.33 6.8L 230 380 17 IOL 
1410 10.0 45 20 3.0 1.5 0.51 2.8 20 I.I 0.18 3.6 0.24 6.81.. 220 180 15 IOL 
1426 17.5 41 17 5.2 0.63 0.30 1.6 24 0.92 0.057L 5.0 0.47 6.SL 280 230 21 lOL 
York 1411 J0.2 54 30 1.3 0.85 0.57 J.9 4.1 I.I 0.17 3.1 0.72 6.8L 390 730 46 IOI.. 
Guernsey Spencer 1489 12.6 39 16 13 1.0 0.47 I.I 13 0.79 0.12 9.8 0.46 6.8L 460 1,400 14 IOL 
1496 14.0 29 12 11 0.60 0.27 I.I 32 0.55 0.29 6.5 0.55 6.8L 370 290 8.5 JOL 
HARLEM COAL 
Carroll I Lee 1450 8.3 53 21 0.77 I.I 0.38 2.9 16 1.2 0.13 1.5 I.I 6.81.. 580 400 19 IOL 
PITl'SBURGH(N0. 8) COAL 
Belmont I Goshen j 1401 11.4 37 17 J.6 0.66 0.40 1.8 37 0.85 0.18 2.1 0.50 6.8L 250 220 10 IOI.. 
MEIGS CREEK (NO. 9) COAL 
Belmont I Goshen 1400 15.8 46 14 3.2 2.3 0.53 2.J 22 0.84 0.D63L 4.0 0.IOL 6.81.. 460 4 20 4.7 JOL 
NOT DESIGNATED 
Belmont York 1462 13.2 56 29 0.63 0.66 0.40 1.4 65 2.4 0.0761.. 0.70 0.70 6.8L 250 240 21 JOL 
Guernsey Cambridge 1502 14.5 51 34 0.62 0.85 0.57 2.7 2.0 1.2 0.0691.. I.I 0.42 6.8L 780 370 18 IOL 
Monroe 1481 24.6 46 32 0.63 0.60 0.49 2.4 14 I.I 0.041L 0.63 0.43 6.8L 260 390 66 IOI, 
Richland 1506 19.0 46 25 4.1 0.76 0.40 2.1 11 1.3 0.084 3.2 0.74 6.8L 350 490 18 IOL 
TABLE 8.-Majorandminaroxide and trMe element oomposition q(lhelabaratory ash, by bed 
Key to symbols: 
Method (column heads): 
E - by emission spectrography on ash 
NA - by neutron activation on whole coal 
WA - by wet chemistry on ash 
XA - by X-ray fluorescence on ash 
XW - by X-ray fluoreseence on whole coal 
H - not determined due to interference 
L - less than value shown 
? - bed designation tentative 
' values for sample nos. 1466 and J 467 probably switched, based on 
correspondence of ash values with proximate/ ultimate ash values 
Analyses were performed by the U.S. Geolo~ical Survey. T~e coals were as~ed at 526.,C ~or major, mi~or, and trace element 
analysis. These values may not agree exactly with ash values m standard proximate analysis. The analytical_ program of the U.S. 
Geological Survey is periodically revised and improved. The values reported represent _the.best data availa_ble at the time of 
manuscript preparation. Those determinations made by wet chem istry are quanut.atave; the rema.mmg methods are 
considered semiquantitative. '1'he precision and accuracy of the computerspectrographic values (E) are within one bracket at 
68% confidence level and two brac kets at 95% confidence level. The bracket LS I garithmicaily defined as +60'.li, -33% of value 
reported .. (U.S. Geological Survey, written commun., J 979). Ash figure is percentage of total ~oaJ;S03 ~gure only shows sulfur 
retained by the sample on ashing. Values for Sin the whole coal should be taken from the prox1mate-ult1mate analyses ( tables 3 
~~ .. 
The following elements were looked fur by emission spectrograph1c analysis of the ash and were not found: In, I r, Os, Pd, Pt, 
Re, Rh, Ru, Te, Tm. 
Cd Cc Co Cr Cs Cu Dy 1,;r Eu Ga Gd Ge Hf Ho La Li Lu 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
WA NA NA NA NA WA E E NA E E I, NA E NA WA NA 
1.0 230 130 220 8.7 130 22L 4.6L 4.3 110 49 200 4.7 II 140 160 1.3 
0.18 180 74 210 14 59 221.. 4.61.. 3.6 15 L 321.. 49 6.8 6.81.. 100 17 1.2 
0.32 580 55 320 2.1 270 38 25 9.1 H 67 56 13 6.81.. 350 100 1.3 
0.40 110 60 140 9.5 11 0 22L 4.61.. 2.4 120 321.. 53 7.6 6.8L 67 230 0.8 
1.8 93 190 220 9.7 150 22L 4.6L 2.5 74 32L 65 4.9 6.8L 61 96 1.6 
0.10 200 7.6 200 8.4 170 22L 4.6L 2.6 69 32L 23 9.3 6.8L 90 110 0.9 
0.16 150 18 210 6.3 85 22L 4.61.. 2.5 70 32L 27 8.0 6.81.. 80 86 1.0 
0.52 I 10 26 220 8.1 120 38 4.6L 3.1 130 32L 110 5.9 6.8L 52 110 0.41.. 
5.6 120 26 150 12 120 22L 4.61.. 2.5 130 32L 200 5.5 6.8L 53 140 0.9 
1.3 120 30 220 12 150 22L 4.6L 3.6 130 32L 170 6.5 6.81.. 45 150 1.0 
0.52 110 22 200 9.8 63 22L 4.6L 2.5 76 32L 39 6.7 6.8L 47 150 0.5 
2.0 92 82 200 4.9 79 22L 4.6L 3.1 150 32L 150 3.8 6.81.. 31 66 0.7 
0.92 63 44 170 3.3 53 22L 4.6L 2.2 H 32L 210 3.8 6.8L 20 43 0.5 
0.80 110 46 280 6.4 130 22L 4.6L 2.9 110 35 43 6.7 7.6 47 150 0.9 
0.32 72 97 310 2.0 100 22L 4.6L 1.7 93 32L 6.8 8.3 6.8L 41 180 0.6 
1.0 29 120 230 14 L 80 22L 4.6L 22 L H 321.. 200 7.2 L 6.81.. 23 170 0.4 
0.56 180 76 190 3.3 120 22L 13 3.8 47 22 34 7.8 6.8L 92 80 1.1 
0.28 160 66 200 9.4 92 22L II 4.3 130 321.. 11 0 5.2 6.8L 72 190 0.9 
0.68 99 26 180 9.8 58 221.. 4.6L 2.J 15 L 321.. 74 5.4 6.8L 56 46 1.0 
0.10 190 23 220 4.4 120 22L 4.6L 3.6 77 321.. 34 6.5 6.81.. 93 150 0.6 
0.10 120 7.3 100 3 .1 46 221.. 4.6L 2.3 41 321, 10 13 6.81.. 66 70 0.8 
0.66 79 21 120 II 54 221.. 4 .6L 2.2 49 58 31 4 .0 6.81. 37 34 0.6 
0.20 JOO 74 150 7.9 130 22L 13 3.6 60 40 130 4.3 6.8L 43 46 1.6 
1.2 120 93 81 0.98 48 44 4.6L 4 .5 43 43 42 2.6 6.8L 34 130 1.3 
0.56 150 37 250 3.5 150 22L 4 .6L 3.1 74 56 25 4.0 6.8L 86 180 0.8 
2.3 76 24 110 2.4 90 22L 4.6L 2.3 76 32L 160 3.0 6.81.. 37 44 1.2 
0.72 36 15 42 0.36 67 221.. 4.61.. 1.4 47 321.. 110 0.72L 6.8L 14 10 1.0 
0.34 210 46 240 6.3 130 22L 4 .61.. 4.5 15 L 321.. 38 II 6.81.. 110 280 2.4 
O.IO 17 6.7 26 0.69 48 22L 4.6L 0.78 5.J 321, 33 0.78 6.81.. 9.0 12 0.2 
060 120 1\6 150 4.7 I 10 22L 4.6L 2.8 4 2 48 36 5.8 6.8L 61 160 1.0 
0.50 140 49 120 4.6 78 37 4.61.. 4 .1 67 48 20 3.3 6.8L 66 64 1.8 
0.56 110 21 IJO 3.6 80 30 4.61.. 2 .6 59 73 37 2.2 6.81.. 29 46 1.7 
0.38 100 2 1 110 4.2 52 54 4.61.. 2.8 H 72 48 4.0 6.81.. 50 77 0.9 
0.58 110 27 140 2.3 190 22L 4.6L 3.2 H 32L 21 5.3 6.SL 50 56 0.61.. 
2.0 62 160 120 3.7 56 221.. 4.6L 3.2 30 321. 62 3.8 6.81.. 27 140 1.6 
0.36 71 26 77 2.5 61 22L 4.61.. J.7 H 321.. 100 2.3 6.8L 27 28 0.6 
0.46 120 16 100 7.2 JJO 22L 4.6L 2.8 55 32L 100 5.3 6.8L 56 130 J.l 
2.9 71 140 65 1.3 L 37 221.. 4.6L 2.4 II 73 190 1.2 6.8L 28 19 0.7 
1.7 67 95 J 10 2.0 7:) 221.. 4 .61.. 2.6 H 321.. 110 3.4 6.8L 26 45 J.5 
0 .60 72 94 95 4.0 I 10 221.. 4.6L 3.8 H 32L 92 2.9 6.8L 34 25 1.7 
0.24 69 5 1 64 0.89 34 22 1.. 4.6L 2.3 H 32L 200 2.2 L 6.8L 31 20 1.0 
0.68 ll O 60 150 5.9 130 22L 4.6L 3.6 70 32L 130 4.9 6.8L 52 85 1.4 
2.0 120 63 190 7.5 100 22L 4.6L 4.3 84 321.. 200 4.8 6.8L 53 77 1.9 
0.40 100 59 JIO 6.6 63 221.. 4.6L 2.9 H 65 130 3.6 6.8L 47 45 J.O 
0.65 88 92 620 2.4 :J2 92 4.6L 12 H 86 23 3.5 6.8L 26 76 2.2 
0.16 71 16 96 3.8 57 5a 4.6L 2.9 H 32L 45 2.9 6.8L 36 27 0.8 
0.50 120 30 170 9.8 95 221.. 18 43 65 :J2L 88 46 68L 56 120 1.2 
0.20 88 14 120 13 73 22L 4.6L 2.0 44 32L 16 4.2 6.8L 49 120 0.6 
0.54 110 25 130 II 61 26 4.61.. 2.1 15 L 32L 140 4.8 6.81.. 56 80 1.2 
0.60 120 32 140 7.3 100 221.. 4.61.. 2.8 H 32L 98 3.6 6.81.. 58 160 0.8 
0.60 90 23 110 7.6 80 22L 4.6L 2.6 H 32L 51 4.0 6.81.. 49 65 1.0 
0.60 l 20 34 190 6.7 68 22 1.. 4.6L 3.8 H 53 100 4.9 6.SL 55 77 1.4 
0.56 120 28 130 IJ 110 22L 4.61.. 3.0 51 35 17 3.9 6.8L 64 79 1.0 
0.78 160 82 230 J.8 150 61 4.61.. 5.8 97 66 320 5.5 6.81.. 55 86 2.2 
0.40 120 47 130 2.5 54 22L 4.6L 2.9 H 52 73 2.9 6.8L 66 85 1.0 
0.68 82 28 130 5.4 120 22L 4.6L 2.7 36 32L 57 3.0 6.8L 42 76 I.I 
2.0 82 29 140 6.3 74 22L 4.6L 2.4 41 32L 45 3.9 6.8L 50 83 1.0 
0.16 130 24 120 13 64 22L 4.61.. 2. 1 22 32L 23 4.6 6.8L 66 200 0.7 
0.44 87 :J6 570 2.1 68 22L 4.61.. 3.4 H 51 250 2.8 6.81.. 37 120 0.8 
0.12 120 15 120 13 61 22L 4.61.. 2.6 36 321.. 18 5.3 6.8L 58 230 0.8 
0.85 93 23 JIO 8.3 72 22L 4.61, 2.1 36 32L 36 4.3 6.SL 48 240 0.8 
0.60 72 35 170 5.8 120 62 4.6L 2.5 H 69 57 4.J 6.81.. 34 82 0.8 
0.6 100 32 110 5.6 100 22L 4.6L 3.0 H 32L 61 3.2 6.81.. 4 1 87 1.3 
0.40 140 19 110 13 60 22L 4.61.. 2.8 58 53 62 4.6 6.8L 64 210 0.9 
2.5 53 30 140 II 95 22L 4.6L 2.4 H 35 68 4.5 6.8L 27 120 1.0 
2.0 93 68 100 7.9 78 22L 4.6L 2.0 H 321.. 32 3.2 6.81.. 49 88 0.7 
0.54 160 40 140 6.8 380 74 4.61.. 4 .6 73 37 66 3.9 13 67 110 1.1 
0.40 JOO 26 140 8.J 110 22L 4.6L 3.5 H 32L 67 4.3 6.8L 41 JOO 0.81.. 
0.80 130 27 190 13 88 22L 4.6L 3.5 63 32L 46 5.5 6.81.. 56 140 1.3 
0.60 170 39 130 1.8 80 22L 4.6L 3.8 H 32 72 3.6 6.81.. 92 39 1.3 
1.2 66 19 93 3.3 91 22L 4.61.. 2.2 H 32L 230 3.7 6.8L 27 47 1.7 
3.1 95 23 120 7.7 85 22L 4.6L 1.9 33 79 55 5.0 6.8L 52 49 0.7 
O.flO 210 25 J 10 4.9 69 22L 4.6L 5.2 H 321.. 42 5.2 6.8L 90 64 1.2 
0.24 140 25 130 4.5 70 22L 4.6L 3.2 H 32L 100 5.2 6.8L 59 76 I.I 
0.12 240 48 140 6. 1 85 22L 4.6L 6.7 41 32L 28 6.8 8.0 110 81 l.4 
1.3 62 22 86 3.9 64 22L 4.6L 1.7 H 32L 65 2.6 6.8L 28 39 0.7 
0.20 120 34 92 4.7 46 22L 4.6L 2.6 36 85 60 2.8 6.8L 72 85 0.7 
0.44 87 2 1 120 5.4 68 22L 4,6L 2.2 31 32L 61 4.8 6.8L 49 160 l.O 
0.38 96 53 130 4.9 65 22L 4.6L 3.5 fl 48 85 3.4 6.81.. 42 JOO 1.0 
0.26 100 18 120 8.6 130 22L 4.6L 3.0 H 48 . 52 3.2 6.8L 48 110 0.9 
0.32 160 39 140 3.4 89 22L 4.6L 3.6 H 49 67 4.7 6.8L 84 73 1.0 
0.24 200 29 170 13 140 22L 4.6L 4.3 43 321.. 66 6.6 6.81, JOO 150 1.2 
0.60 130 81 160 9.9 120 22L JI 2.8 52 32L 23 5.3 6.8L 7 1 71 0.9 
0.32 130 30 160 13 120 22L 4.6L 2.7 73 321.. 29 4.9 6.8L 66 220 0.7 
0.54 100 20 120 12 51 22L 4.6L 2.2 33 32L 23 3.9 6.8L 53 59 0.8 
0.52 160 48 140 8.6 130 22L 4.6L 3.0 36 321.. 13 4 .4 6.81.. 84 110 0.7 
0.36 66 16 65 1.5 120 22L 4.6L 1.9 H 32L 110 2.9 6.81. 31 130 0.7 
0.40 140 28 170 6.3 110 22L 4.6L 2.8 67 32L 70 6.0 6.8L 66 160 0.7 
0.24 150 18 140 8.5 97 22L 4.6L 2.5 40 32L 12 3.J 6.8L 88 66 0.7 
0.64 240 59 170 9.8 160 22L 4.6L 4.6 85 32L 130 3.4 H 140 76 1.3 
0.24 170 45 160 4.4 120 22L 4.6L 3.6 54 321.. 51 6.2 6.8L 71 170 1.2 
0.64 240 50 190 12 150 22L 4.6L 4.6 61 321.. 19 4 .6 6.8L 130 \15 1.0 
0.32 220 21 180 10 39 22L 4.6L 3.J 56 32L 37 5.4 6.8L 120 81 1.0 
0.50 140 40 170 7.2 120 22L 4.6L 3.3 43 321.. 29 6.7 6.81.. 66 150 I.I 
0.68 160 57 190 8.8 150 22L 4.6L 3.3 61 32L 62 6.5 6.8L 85 110 1.2 
0.24 75 73 96 2.0 lJO 22L 4.6L 2.3 H 32L JOO 3.1 6.8L 31 37 0.8 
0.50 110 43 110 7.1 88 22L 4.6L 2.9 24 321.. 38 4.0 6.8L 61 47 I.I 
0.40 11 0 29 130 7.5 71 22L 4.61, 3.4 fl 321.. 55 4 .0 6.8L 48 42 0.8 
0.38 150 38 160 4.7 130 22L 4.6L 2.8 H 32L 98 3.9 6.8L 76 80 0.8 
0.28 130 22 160 8 .0 88 22L 4.6L 2.4 67 32L 47 5.0 6.8L 68 140 0.6 
0.54 110 76 120 11 41 22L 4.6L 2.6 61 32L 100 4.2 6.8L 62 30 0.7 
0.32 100 56 110 7.J 80 22L 4.6L 2.6 H 321.. 27 3.3 6.8L 56 48 0.5 
2.0 150 190 150 7.2 77 22L 4.6L 4.6 82 32L 120 5.2 6.8L 81 39 1.2 
5.3 560 290 320 23 100 22L 4.6L 8.8 47 32L 76 12 6.81.. 230 72 2.7 
2.0 140 110 110 5.4 82 22L 4.6L 3.9 H 321.. 76 3.7 6.8L 69 34 1.2 
1.4 l60 150 140 6.3 100 22L 4.6L 4.4 H 321.. 130 4 .1 6.8L 87 38 l.0 
2.0 160 160 180 II 96 22L 4.6L 3.9 87 321.. 160 6.4 6.8L 89 49 1.3 
0.60 110 60 110 8.6 86 22L 4.6L 2.7 H 32L 32 3.8 6.8L 51 39 0.6 
0.40 200 100 110 6.9 70 22L 4.61.. 4.4 42 32L 59 3.2 6.81.. 100 70 1.0 
0.38 110 31 120 9.8 56 22L 4.6L 3.2 39 32 38 4 .7 6.SL 66 71 1.0 
0.16 91 31 110 10 70 22L 4.6L 2.5 H 32L 63 3.0 6.81.. 33 65 0.8 
1.6 110 62 110 6.9 84 22L 4.61.. 3.J 44 32L 91 2.6 6.8L 57 50 0.6 
0.64 220 24 150 ll 260 22L 4.61.. 6.4 56 32L 38 4.3 6.8L 130 160 1.8 
0.26 140 33 °150 6.6 52 22L 4.6L 3.6 15 L 321.. 58 6.2 6.8L 85 200 1.9 
0.32 93 14 120 8.2 140 22L 4.6L 2.7 35 32L 41 3.5 6.8L 51 120 0.7 
0.80 330 77 230 16 130 30 4.61.. 7.7 87 29 130 5.2 10 150 100 1.8 
0.12 74 23 110 4.3 69 22L 4.6L 1.6 31 32L 150 3.6 6.8L 43 69 0.5 
0.78 68 34 74 4.9 46 22L 4.6L 1.3 H 32L 93 2.3 6.SL 36 26 0.5 
0.40 110 150 120 8.2 66 22L 4.6L 2.5 38 32L 100 4.8 6.8L 57 36 0.9 
0.76 IJO 78 140 8.4 42 29 4.6L 3.0 42 321.. 32 3.9 6.8L 60 47 0.7 
0.14 82 18 140 II 58 22L 4.61.. 2.2 35 321.. 32 4.5 6.8L 44 32 0.7 
0 .90 240 83 190 3.9 230 221.. 4.6L 4.8 52 321.. 23 9.9 6.8L 120 120 1.4 
0.75 140 64 200 14 110 22L 4.61.. 3.0 81 32L 65 6.1 6.8L 74 190 1.0 
0.54 160 40 370 16 100 50 18 4.3 69 68 87 4.2 6.8L 87 80 2.6 
0.20 100 19 160 7.1 94 22L 4.6L 2.0 89 32L 81 6.2 6.8L 48 110 0.6 
Mn Mo Nb Nd Ni Pb Pr Rb Sc Sm Sn Sr 
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
WA E E E E WA E NA NA NA E E 
250 28 21 200 520 150 95 JJO 50 18 4 .6L 350 
130 24 21 40 140 47 1001.. 140 45 15 14 290 
24 H 100 310 260 210 170 4501.. 76 34 H 1,800 
67 II 29 87 270 95 JOOL 91 31 11 7.1 370 
45 48 13 71 350 260 IOOL 310L 41 12 4.6L 350 
51 7.4 44 110 63 65 IDOL 110 42 12 12 230 
43 14 30 85 98 65 IDOL 77 36 9.7 15 210 
170 30 17 45 JOO 53 lOOL 94 42 11 JJ 620 
31 26 28 69 l 90 78 IDOL 130 42 9.6 4 .6L 290 
89 36 27 JIO 290 85 IDOL 99 59 13 8.6 330 
130 67 24 84 120 48 lOOL 130 34 9.4 9.0 370 
270 79 18 98 450 65 lOOL 69 43 13 17 420 
270 H 20 80 230 170 IDOL 981.. 36 9.1 H 390 
99 46 26 140 200 68 IOOL 460L 47 12 22 590 
41 6.4 18 321.. 170 120 IDOL 140L 47 6.0 13 57 
160 H 20 32L 310 JOO IDOL 290L 43 5.3 H 300 
110 9.8 37 90 280 130 68L 130L 37 15 4.6L 330 
61 14 14 89 220 50 140 38L 45 15 4.6L 380 
200 41 20 83 98 60 IDOL 160 35 9.1 4.6L 270 
110 15 37 170 97 61 IOOL 170L 39 15 II 430 
24 4.6 46 80 28 40 IDOL BBL 18 9.9 11 220 
200 77 16 57 90 120 140 130 24 7.3 4.61.. 380 
180 56 16 84 180 140 IJO 64 39 14 4.61.. 260 
190 64 14 160 200 80 160 78L 27 19 H 3,200 
200 20 14 79 100 100 110 200L 52 12 4.6L 2,000 
180 52 12 32L 150 150 IDOL 230L 29 9.0 H 220 
130 50 16 32L 210 40 IDOL 140L 9.1 5.1 H 140 
73 8.8 20 65 150 120 IDOL 320L 47 20 4.6L 200 
29 3.8 14 32L 56 22 IDOL 93L 6.6 2.4 4.61.. 40 
68 15 22 76 220 91 IOOL 340L 33 10 4.6L 350 
260 53 18 86 120 72 170 86 28 16 H 560 
230 79 2 1 32L 87 100 68L 140L 29 II H 360 
95 H 15 11 0 100 40 lOOL 58 24 13 H 970 
230 H 19 130 160 150 120 210L 35 15 H 460 
200 46 14 321.. 330 31 IDOL 2001.. 22 9.8 17 170 
380 H 22 681, 260 74 IOOL 791.. 20 6.9 H 280 
160 25 14 62 130 41 100 150 36 15 15 330 
180 H 21 70 300 200 IOOL IDOL 21 II H 320 
230 H 20 32L 470 150 IOOL 160L 34 97 H 220 
290 H 14 78 380 23 IOOL 330L 20 11 H 290 
180 H 17 67 270 95 lOOL 1101.. 18 8.5 H 390 
150 34 14 48 230 64 IOOL 3201.. 36 13 16 240 
160 65 23 110 360 34 lOOL 72 45 15 20 300 
230 H 23 65 120 22 IDOL 63 32 13 H 740 
110 H 23 260 300 42 IDOL IDOL 28 53 H 2,600 
420 H 12 61 63 14 lOOL 45 27 9.4 H 650 
210 26 12 50 100 40 IDOL 130 37 14 4.6L 270 
78 12 10 32L 66 30 IDOL 140 23 7.5 4 .6L 250 
79 77 17 56 120 47 lOOL 120 27 8 .3 9.J 660 
170 H 24 j()() 120 46 IDOL 35()L 29 9.8 IJ 390 
460 H 17 62 120 62 IDOL 260L 26 9.0 fl 370 
140 H 24 130 140 29 1001.. 140L 45 13 H 400 
280 4.9 13 90 95 97 68L 200 32 JJ 4.61.. 310 
230 65 27 I 10 280 130 140 I60L 58 20 4.61.. 360 
120 H 20 130 150 62 IDOL 1401, 32 13 H 830 
360 25 16 JIO 100 28 IDOL 160L 31 12 7.6 550 
88 24 15 32L 75 II IDOL 140L 27 8.7 5.9 260 
240 JO 13 73 68 48 IDOL 160 26 8.8 4.6L 210 
200 H 18 85 160 54 IDOL 1301.. 34 16 H 600 
77 6.5 14 41 49 14 IDOL 130 27 8.1 4 .6L 290 
260 9.4 15 67 69 91 120 120 27 10 7.7 430 
110 H 21 88 130 50 IDOL 98L 29 JI H 470 
150 H 19 95 JOO 28 IDOL 200L 26 14 H 320 
200 76 19 98 llO 31 120 160 26 12 4.6L 460 
120 H 23 54 110 85 JOOL 100 31 10 H 300 
160 H 16 71 140 14 IDOL 81 20 7.8 H 370 
350 49 24 320 490 95 120 1201.. 30 17 10 3,800 
130 H 19 74 140 83 lOOL 360L 33 II H 300 
120 37 26 130 I 10 54 IDOL 170 31 13 10 360 
160 H 23 120 390 34 IDOL 140L 35 16 H 930 
380 H 17 32L J 10 42 IDOL IIOL 30 9.1 H 360 
360 39 25 83 77 160 150 97 22 9.5 16 530 
150 H 27 190 86 31 120 200L 23 27 4 .6L 300 
160 H 24 71 130 28 lOOL 59 31 II H 340 
200 13 l7 170 I JO 58 150 210L 37 22 4 .6L 880 
320 H 14 321.. 88 160 IOOL 77 20 7.3 H 220 
450 24 13 100 150 140 IDOL 69 22 12 12 830 
120 17 20 77 78 55 IOOL 82 26 11 6.4 550 
100 H 22 120 180 73 lOOL IJOL 31 16 H 360 
290 H 17 67 92 IJ IDOL 120 23 13 H 400 
JIO H 47 200 170 110 170 28DL 26 13 H 2,900 
97 7.8 19 120 88 38 IOOL 120 34 16 5.0 620 
96 29 15 39 110 70 IOOL 93 27 11 4.61.. 250 
87 22 18 66 98 63 IDOL 130 30 II 4.6L 520 
120 4 .7 18 71 100 43 lOOL 140 22 8.7 4.6L 270 
230 26 15 62 120 72 IDOL 190L 25 13 4 .6L 230 
79 H 24 32 130 150 IDOL 64L 14 6.1 H 350 
230 J 10 26 41 160 240 JOOL 57 32 11 4 .6L 490 
87 21 14 100 72 50 130 110 27 II 6.8 740 
64 56 20 160 300 90 150 90 41 18 7.8 1,100 
120 82 22 74 170 120 IOOL 1301.. 26 13 4.6L 550 
89 22 15 180 170 3 1 100 120 39 J9 8 .6 550 
46 31 27 200 130 63 IDOL IJOL 30 14 10 1,200 
200 19 14 68L 100 93 lOOL 100 33 II 4 .6L 320 
30 42 32 140 210 190 IDOL 180 39 18 8.4 400 
150 H 15 57 220 91 JOOL 120L 20 7.8 H 170 
230 45 17 140 140 48 IOOL 120 22 14 4.6L 890 
140 H 17 62 120 36 IDOL 100 29 10 H 260 
64 H 21 110 260 110 lOOL 4701.. 37 13 H 660 
120 12 21 55 91 30 IDOL 140L 25 9.7 4.6L 590 
340 32 16 110 230 86 130 140 23 10 9.7 460 
170 H 17 95 130 52 IDOL 270L 19 8.8 H 640 
75 150 21 160 630 170 IDOL 110 32 16 9 .3 880 
68 53 22 47 330 200 IDOL 280 73 36 4 .6L 660 
190 H 18 56 290 310 IOOL JJOL 19 13 H 470 
38 H 16 96 330 330 IDOL 400L 26 16 H 630 
45 40 17 170 590 160 IOOL 180 36 15 7.2 460 
80 H 15 68L 210 66 IDOL 89 20 9.8 H 330 
100 17 14 94 270 89 1001.. 65 28 16 4.6L 540 
340 44 25 130 110 100 IDOL 340L 24 12 4.6L 1,200 
540 H 15 59 100 18 IOOL 150 23 8 .5 4.6L 340 
600 88 12 32L 160 90 IDOL 130L 21 10 4.6L 940 
370 42 14 100 150 52 IOOL 130 43 23 4.6L J,100 
140 12 10 32L 110 90 lOOL 200L 31 13 9.2 310 
460 64 20 84 110 30 lOOL 290L 26 10 4.6L 390 
64 130 19 240 290 76 IOOL 130 58 29 9.4 840 
540 43 14 150L 150 58 IDOL 67 17 7.6 4.6L 860 
530 H 14 68L 110 30 IOOL 99 13 6.4 H 600 
88 140 13 62 290 130 IOOL 110 24 9.0 4.6L 300 
160 28 15 32L 130 20 IOOL JIO 26 11 H 310 
150 13 17 321.. 67 30 IOOL 110 22 8.5 4.61.. 720 
31 14 46 130 190 73 IOOL 76 39 18 12 300 
68 6.3 18 140 330 90 IDOL 170 41 16 8.0 280 
29 6.4 14 79 120 61 IDOL 130 39 20 II 170 
300 45 26 91 110 78 IOOL 140 29 9.4 23 380 
Ta Th Th 
ppm ppm ppm 
NA NA NA 
1.3 3.6 24 
2.7 2.6 30 
5.2 5 .3 66 
3.0 2.0 27 
1.6 l.8 21 
3.6 2.2 41 
3.2 1.9 34 
2.0 1.9 24 
2.2 2.3 23 
2.5 3.4 31 
2.3 2.0 23 
0.9 2.6 19 
0.9 1.4 l6 
1.4 3.1 27 
2.7 1.2 33 
7.2L 6.0 L 19 
3.0 3.5 33 
1.9 2.9 22 
2.0 1.7 2 1 
2.2 2.4 28 
2.9 2.2 17 
1.6 1.9 16 
1.6 4.J 29 
0.6 4.9 10 
1.0 2.9 32 
0.9 1.8 IJ 
0.5L 1.4 3.9 
4.4 3.5 42 
0.3 0.97 3.6 
1.9 2.9 21 
I.I 5.9 16 
0.9 3.9 14 
1.3 2.7 16 
1.4 2.3 18 
1.3 2.7 17 
0.9 1.7 9.8 
1.6 1.9 19 
0.8 1.5 6.7 
1.2 3.5 13 
2.2L 5.9 9.8 
0.6 2.1 5.2 
1.8 3.6 19 
1.8 3.5 23 
1.6 2.7 16 
0.9 9.7 12 
l.J 2.0 IJ 
1.6 3.4 20 
1.6 1.3 16 
1.6 1.6 17 
1.3 2.7 JB 
1.4 2.4 14 
1.7 2.6 19 
1.2 2.2 24 
1.6 6.2 25 
0.8 2.6 12 
0.8 1.9 14 
1.3 1.7 14 
1.6 1.7 18 
1.4 2.6 IJ 
1.7 2.0 20 
1.2 1.2 16 
1.2 2.1 16 
1.2 2.3 13 
1.4 2.2 17 
1.4 2.5 14 
1.0 1.6 12 
1.7 3 .0 16 
J.5 3.3 20 
2.1 2.8 23 
1.4 2.8 18 
I.I 3.2 II 
1.4 l.5 16 
1.6 3.2 16 
1.9 2.4 17 
2.4 5.3 24 
0.9 1.1 9.2 
1.0 1.6 12 
1.6 1.6 16 
1.1 2.3 14 
J.3 2.6 15 
1.6 3.0 16 
2.5 3.4 24 
J.7 1.2 23 
1.9 2.3 22 
1.2 1.6 18 
1.4 2.0 21 
I.I 1.8 9.9 
2.4 2.4 23 
1.3 1.2 23 
I.I 2.6 25 
2.1 2.7 22 
1.7 2.5 28 
2.3 2.0 20 
2.3 2.6 25 
2.7 2.2 27 
1.0 2.3 II 
1.2 1.8 13 
1.3 3.0 13 
1.7 2.7 18 
2.0 1.7 19 
1.3 1.6 14 
1.3 2.0 13 
1.4 3.8 17 
5.1 7.5 40 
1.5 3.3 13 
l.4 4.1 13 
1.5 2.9 19 
1.4 2.6 14 
J.4 3 .2 19 
1.8 3 .3 17 
J.4 2.3 15 
0 .8 1.7 13 
1.2 3.8 27 
1.9 3.5 20 
1.4 2.5 18 
1.6 4.3 32 
I.I 0.71 13 
0.7 0 .66 9.2 
1.7 2.3 17 
1.3 2.2 16 
1.3 1.6 25 
3.7 3.4 38 
1.8 1.7 21 
1.5 3.7 23 
1.7 1.0 20 
OHIO DMSION OF GEOLOGICAL SURVEY 
INFORMATION CIRCULAR NO. 55 
TABLE 8 
TI u V w y Yb Zn Zr 
ppm ppm ppm ppm ppm ppm ppm ppm 
E NA E NA E NA WA E 
IOL 9.8 260 13 98 9.4 250 140 
IOI.. 9.6 170 9.1 49 7.9 150 130 
IOI.. 19 350 14 140 14 110 670 
IOL 7.7 190 7.8 67 5.6 180 220 
IOL 8.3 260 9.1 85 11 950 110 
JOL 25 210 4 .4 52 6.6 28 260 
IOI.. 13 190 4.9 41 7.1 32 160 
lOL 77 270 7.8 52 7.3 120 120 
JOL 35 210 5.6 70 8.J l,200 190 
IOL 59 340 5.2 78 7.8 450 180 
IOL 65 260 5.6 51 5.6 100 160 
JOL 100 310 II 82 8.7 320 150 
120 44 180 II 53 5.2 290 160 
IOL 32 360 6.3 99 6.2 280 270 
IOL 12 210 2.7 17 6.2 130 93 
JOL JO 270 5.1 60 5.5 490 210 
IOL 13 190 5.9 65 8.5 56 180 
JOL 8.4 220 8 .9 60 8.9 110 130 
IOL 36 220 4.4 49 5.7 70 150 
IOI.. 15 220 6.0 53 6.4 53 210 
IOL 6.0 140 3.2 40 7.6 12 770 
IOL l J 150 4 .0 56 6.2 140 110 
IOL 28 230 7.1 95 12 260 150 
JOI.. 13 140 3.8 120 II 290 180 
IOL 17 360 7.6 62 6.6 I 10 140 
IOL 4.9 98 8.2 48 JO 880 120 
JOI.. 2.8 55 4.5 75 8.4 210 80 
IOL 95 210 8.9 38 15 140 110 
IOL 3.5 39 I.I 3 1 2.3 38 96 
IOL 7.2 160 10 L 71 8.3 2 10 140 
IOL 20 180 5.9 120 14 160 130 
IOL 15 190 5.8 94 14 110 100 
lOL 13 120 5.8L 110 7.8 I 10 140 
IOL 140 230 13 9 1 9.1 120 220 
IOL 75 120 5.7 44 12 350 73 
IOL 72 140 3. 1 65 6.9 160 140 
IOL 15 160 6.4 56 8.5 JIO 120 
IOL 8.7 89 13 L 65 5.5 1,100 55 
IOI.. 55 160 6.3 77 JI 230 140 
IOL JS 86 8.7 99 16 230 130 
JOI.. 16 82 9.0 71 7.9 87 57 
IOL 13 130 13 52 12 240 93 
IOL 18 230 15 96 15 300 140 
lOL 14 160 10 94 7.3 180 130 
IOL 14 150 8 .5L 230 19 300 200 
IOL 7.2 130 13 74 6.5 46 03 
JOL I I 180 6.5 73 12 l40 130 
IOL 26 120 3.6 3 1 5.3 63 89 
IOL 18 160 3.7 89 6.3 130 100 
IOI.. 24 180 6.2L 78 8.3 220 140 
IOL 7.9 130 4 .0 87 9.J 220 140 
lOL 10 210 8.5 100 12 120 170 
JOL 9.3 190 4.4 52 7.4 110 96 
IOL 14 300 II 180 18 190 l70 
lOL 17 170 14 L 94 8 .8 140 120 
JOL 33 170 5.6 85 8 .2 140 150 
IOL 18 96 4.1 26 7.3 350 54 
IOI.. 14 120 2.7 26 5.6 85 85 
IOL 12 120 6.1 80 7.4 170 96 
IOL 9.5 100 3.2 34 6.2 62 94 
IOL 9.7 140 3.6 44 5.2 320 130 
IOL 23 190 JI L 78 7.0 190 130 
lOL 25 140 4.9 77 6.6 130 170 
IOL 36 180 4.3 69 7.0 180 160 
JOL 13 150 9.31.. 88 9.0 800 140 
IOL 7.7 120 4.4 47 5.4 360 100 
IOL 27 370 8 .6 170 9 .7 100 220 
JOL 70 180 8.2 80 10 200 150 
IOL 13 180 9.2 91 10 180 160 
IOI.. 9.8 160 20 100 2.8 140 130 
JOI.. 21 150 7.0 120 12 410 140 
IOL 19 140 3.3 56 5.7 990 160 
IOL 9.8 120 6.7 90 9.9 230 250 
JOL 74 160 5.5 82 9.5 110 170 
IOL 30 170 6.3 99 II 67 150 
IOL 52 11 0 6.2 38 5.J 650 68 
IOL 9.5 130 13 L 72 5.8 93 110 
IOL 14 160 6.5 61 6.6 88 170 
IOL 17 160 6.9 99 8.9 120 JIO 
IOL 18 140 4.9 75 7.2 130 140 
IOL 7.3 210 7.5 120 7.1 140 510 
JOL 13 180 4.9 74 II 98 140 
IOL 12 150 5.2 42 7.4 170 120 
IOL 30 170 2.8 31 7.4 120 100 
IOL 6.8 150 3.9 49 6.3 110 120 
JOL 9.6 160 3 .2 31 6.5 160 100 
JOL 2.8 130 4.6 77 5.6 160 130 
IOL 7.5 J 90 9.J 55 8.3 180 150 
JOL 12 200 4 .4 45 5.6 58 92 
JOL 17 350 5.2 80 10 150 130 
IOL 7.1 160 13 81 9.6 140 150 
lOL 13 250 3.9 54 7.9 160 130 
IOL 8.6 240 6.2 66 7.5 68 160 
IOI.. 7.3 140 6.0 43 8.5 290 100 
IOI.. 8.8 220 6.7 76 9.2 160 250 
IOL 9.5 130 3.1 64 6.8 140 160 
IOL 3.8 130 7.0 86 7.8 97 190 
IOL 5.6 180 7.3 74 7.6 180 140 
IOI.. 11 210 10 66 5.3 160 140 
IOL 5.1 150 4 .9 39 5.5 80 120 
IOL 7. l 140 16 74 6.8 110 140 
IOL 5.7 120 5.5 46 5.J 120 94 
IOL 6.9 170 16 84 10 330 140 
IOL 14 160 20 70 21 1,200 1~0 
lOL 6.4 120 9.6 82 6.9 550 100 
IOL 5.1 100 16 73 7.8 580 90 
IOL 14 250 16 80 II 350 180 
IOL 5.4 130 5.4 58 5.9 300 JOO 
IOL 4.9 160 8.3 78 9.4 200 120 
IOL 7.9 170 4.0 99 8.6 180 200 
IOL 70 140 6.1 83 7.7 100 120 
92 8 .0 120 3.9 66 6.3 410 100 
IOL 16 310 4.0 JOO 13 190 120 
IOL 21 140 7.2 34 13 350 87 
lOL 22 180 4.0 77 8.2 120 120 
IOL 21 380 12 120 16 210 160 
IOL 15 140 6.31.. 51 4.2 77 160 
lOL 22 98 7.1 31 2.9 180 llO 
lOL 7.0 170 8.4 57 6.4 210 150 
IOL 9.3 130 3.7 53 7.4 160 130 
l OL 23 180 ll 46 5.7 48 140 
IOL 9.7 210 4.8 92 12 330 200 
IOL 8.2 220 8.5 54 6.7 280 150 
IOL 14 300 4.6 130 19 220 120 
IOL 45 190 6.2 43 6.0 86 170 
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